1 SPECI FI CATI ON RESI N COVPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON AND
SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present invention
relates to resin conpositions for sem conduct or encapsul ati on
and seni conduct or devi ces. 10 BACKGROUND- ART [ 0002] Recent trends
towards hi gher density and higher integration in electronic
conponents and sem conduct or devi , qyfé? jjntegrated circuits
(ICs), large scale 15 integrated g??éﬁits f%?g) and
very-large-scale integrated circuits (VLSIs) stinmulate conversion of
packagi ng frominsertion nounting to surface nounting. Such trends

require | r j LAGK f i it h
narrower ‘1n e&vgﬁgidgbiﬁggg ﬁggng%%ﬁggﬂ#ﬁg?&ggk%@g@gp§ggé§§?g§dﬂ%%ich
are conp i i re used for a variety of sem conduct or
devices.%gﬁﬁgﬁggghgg%ﬁgd@$%Fcgevices are generally encapsul ated with
epoxy_resin conpositions, which have high conmpatibility anong high
produétivity rates, low material costs, and high reliability.

25[ 0003] Si nce these epoxy resin conpositions for
senicondagﬁgﬁ“%ﬁéﬁpgﬁﬁgﬁ?on must be nonfl ammabl e, brom nated epoxy
resins, 2 such as tetrabronobi sphenol A epoxy resins and brom nated
phenol ndVHQ%k]epoxy resins, and antinony oxide, as flane retardants,
are conpounded to main conponents. In recent years, however, use of
hal ogenat ed cofPSURFSE ST WHRRCT A%y &SR §3F HIC 3 YenerAtPoRLsfions for
di oxi n anal ogs, and highly toxic antinony conpounds has been

regul at e ¥ CeRAUFGOFoS AP ERV ARG 2l PEBLEIBICTPR Aesittes.
conpositions for sem conductor encapsul ation, technology on fire

ret aldanBpGHERCHNEs ARGt use hal ogenat ed conpounds, such as 10

brom nated epoxy resins, and antinony oxi de has been studi ed. \Wen
sem condUdt@t2 Hevi ces are preserved at high tenperatures of 150 to
200C for long hours, brom ne atonms and anti nony conpounds in the

fl ame ret ardanReceauset aandacrteaserds heghsirarnten of tyvhe nserti tonduct or
devi ces and di sconnection of 15 gold wires. Fromthis viewpoint,
epoxy resintapnpbiphi dms florcsemmdiondunipenentapsuidatseninonductor
containing bromne flame retardants or antinony conpounds are

requi reddevetad s pxsdehf laanei met grdarids, csuchias aln nunihydreoddel e
and magnesi um hydr oxi de, have been used instead of brom ne flanme

r et atslantis: t20y 104 t @dt chwry icopoudds ) , Uaher twnat el y r gehesa Inetabt exirde ed
flame retardants |ead to an increase in viscosity of nelt resins and
a decreagd rdusos devieg gesssiancatef ddeveppposi dPpackaging IFdde
above situation, there have been proposed using epoxy resin

conposi t iiense Fof osembaanduet o encansdt ahbaAt2nLONSAIdH NYr 8PO%Yrequire
resi ns havi ng bi phenyl aral kyl skeletons (See, for exanple, Patent

Docunent § eb BNk Zhe s A ROUGH tHesee8RONY 188 &r CORPRSntsl Asd dDe 88 with
contain flanme retardants, they

narrower intervals. Surface mount quad flat packages (QFPs),
20 whichrare compact and iightweight,réré used for a variety of
semiconductor devices. These semiconductor devices are
generally encapsulated with epoxy resin compositions, which
have high compatibility among high productivity rates, low
material costs, and high reliability.
25 [0003]
Since these epoxy resin compositions for semiconductor

encapsulation must be nonflammable, brominated epoxy resins,



3 exhibit high flanme retardancy. Furthernore, these epoxy resin
conpositions have advantages of | ow noisture absorption, |ow nodul us
when bei ng heat ed, high adhesiveness, resulting in production of
highly reliable sem conductor devices. A 5 disadvantage of these
resins, however, is high production costs. [0004] [Patent Docunent

1] Japanese Patent Application Laid Oper2 No. 2004-203911 10 [ Patent
Docunment 2] Japanese Patent Application Laid Open No. 2004- 155841

DI SCLOSURE OF THE | NVENTI ON [ 000 An obj ect of the present inyentiaon
is to provid&EhaRSefSFaPs ¥ |3|%ﬁP*iﬂr%%h?goﬂﬂﬁcPSPmlnated
encapsulatlon whi ch does not contain a brom nated fl ane, retardant or
an ant i monPN€8RPodRYC e Fﬁqgﬂﬂﬁﬁ?#q%ﬂnﬁqélﬁ@ﬁ%ﬂﬂﬁyr%@h?ﬂre§§ of 2w

mat eri al cost, gnd h| gh solderllﬁ1 |stance after hum dified, as

wel | as a S&HAE ﬁ&ﬁéﬂoﬁr&eﬁ9ﬂ?° P el CURARIDBYS 20 el ement i s
encapsul ated with a cured product fromthe co si.tion. [0006
That is, the pre%férﬁeqemreﬁ?%ﬁ T ROURBEFY | SoS F DRd CPRAN A GERRAES
in the follg A. resi.n conposition,for %eghggquctor

encapsu? at '8n 6HﬁP#§£n§he TEAK R GFORY SO analggsy and
h | : d t t hydr o
(O an fngﬁgaﬁﬁgf £PRLG: oy ST Qmem%%:%& vreduter dhintBretne

ted by
o TPk R BT Sebhal L For Rl G, KBS
of 0.22 mel % Qr ss _when the c ositian |s unldlfle at 85C
Ond Beos m EOR sPndsenRbGE R Pt ps iAo ife

retardancy that does not use halogenated compounds, such as
10 brominated epoxy resins, and antimony oxide has been studied.
When semiconductor devices are preserved at high temperatures
of 150 to 200°C for long hours, bromine atoms and antimony
compounds in the flame retardants cause an increase in
resistance of the semiconductor devices and disconnection of
15 goldwires. Fromthis viewpoint, epoxy resin compositions for
semiconductor encapsulation not containing bromine flame
retardants or antimony compounds are required. Metal oxide
flame retardants, such as aluminum hydroxide and magnesium
hydroxide, have been used instead of bromine flame retardants
20 or antimony compounds. Unfortunately, thesemetal oxide flame
retardants lead to an increase in viscosity of melt resins and
a decrease in soldering resistance of the composition.
In the above situation, there have been proposed using
epoxy resin compositions for semiconductor encapsulation
26 containing epoxy resins having biphenyl aralkyl skeletons (See,
for example, Patent Documents 1 and 2). Although these epoxy

resin compositions do not contain flame retardants, they



WTererTmAr represents amaryt group having 6 to-—28—earben-atons;—R--s -

each represent a hydrocarbon group having 1 to 6 carbon atons and may
be the sanme or different; R2 represents a 15 hydrocarbon group havi ng
1 to 4 carbon atons; W represents an oxygen or sulfur atom RO s
each represent a hydrocarbon group having 1 to 6 carbon atons and may
be the sane or different; a is an integdr of 0 to 10; g is an integer
of 0 to 3; and n1and n represent nolar ratios and satisfy 0O<nkl, 20
O<n<l1l, m:n=1, ratio mn = 1/10 to 1/% [0008] [2] The resin
as descri bethihL ﬂlg LRBET SHF BN, r d3iTt e R TSy ebﬁéﬁl%ﬁ%‘hﬁyaﬁﬁﬁn
t he phenol resin_ being a co-condensati on product, of a phenol, an

al dehyde, %WHP%S&BhBBgn]aaY%;)a BRI &f “tﬁlé’lfs&ﬂlrﬁ.ﬂ éb(sé’)rptl[%boé]ow
5(Rl) a - Ar- whereipn Ar rep nts_an ar group havi ng
P6Tab car HERIAL BT Ef eeéaahgﬁeﬁeeseﬁeg RGO ARt R i g 3
to 6 carbon atons,and na or different resents a
hydrocarboﬁrﬁ?ﬁﬁblﬂﬁvPﬁgxiggéy4réiﬁg§ﬂeaﬁﬁﬁéCQN?W%RW%é%%'%“%D an®

oxygen or sul fur atom ﬁ is an integer of 0 to 10. 0019;
[3] Thér e%’r?na%%a%%?l Bgdt ﬁsflfeBF“FZ] hogREedin shd EiGtion

(al) is represented by the fornmula (3): [0011] OCHZCH2H2 m& R2 15
wher ei n R “%%k3ch represent a hydrocarbon group having 1 to 6 carbon
atons and y Ef the sane or different; R2 represents a hydrocarbon

group haviﬂg 9410 4 carbon atons; W represents 20 an oxygen or

Sul U 2 OTL FO\2 A PP S8 O SERLPHL 91 PUP. BN A F L Sy
to5; g i52@§4-§6§9f{ of 0to
10 [Patent Document 2] Japanese Patent Application Laid Open No.
2004-155841
DISCLOSURE OF THE INVENTION
[0005]
An object of the present invention is to provide an epoxy
15 resin composition for semiconductor encapsulation which does
not contain a brominated flame retardant or an antimony
compound, exhibit high flame resistance regardless of low
material cost, and high soldering resistance after humidified,
as well as a semiconductor device in which a semiconductor
20 element 1is encapsulated with a cured product from the
composition.
[0006]
That is, the present invention is specified by the matters
described in the following.
25 [1] Aresin composition for semiconductor encapsulation,
comprising:

(A} an epoxy resin;



6 3; and mand n represent nolar ratios and satisfy 0O<nxl, 0<n<l,
mtn=1, and the ratio mn = 1/10 to 1/1. [0012] [4] The
resin as described in [3], wherein the epoxy resin 5 is represented
by the formula (4): OCH2C, H, CH2 wherein R 's each represent a

hydr ocar bon group having 1 to 6 carbon atons and may be the sane or
different; RO s each 10 represent a hyddocarbon group having 1 to 6
carbon atons and may be the sane or different; b is an integer of 0
to 5; gis an |nt er of 0 to 3; and and .n represent nol ar t

and satisfy 0<nxi oén@le“ﬂihcfowrt e"ror“a&arld‘%ﬂ%t‘”olﬁd“‘t]be? ie
[ 0013] 15[ 5] ,The esrn as described in any of [1] to [4], mherern the
phenol i ¢ CB%BBBHH (gfougsrepresented by the formula (5): [0014]
OHOHOH (5) H2 (ﬁg?d(RS)d J$3%2 wherein R3's each represent a
hydr ocar bon grou 53 4 thehon?Bfons and may be the sane
or different; an intege to 2; and,.the average of IS

in the range of Gﬁtfwfuﬁtﬁﬁfﬁccef%ratTﬁ] FRETPAE] AN 85388gErFﬁ§dqrtA)
any of [1] wherein the curi accel erat or s at | east aqne
conpou sreeté%es ??cﬁﬁ?%%lﬁ¥ﬁdb{égﬁsFEPFﬁéeaFeg Eéﬁﬂ&hﬁ@rmu a (1,

ted he_t ; eérifeurigrne’s
(T R e OnPBANH P obF 4Bt BHPRY SERERT BPaPaTPas t Caed “2ocomioa T2 e oF

represente t he r | a 016] . R5- R7

yoPLooe - BY e nggpreérégetgsn LBﬁogBHBPgétﬁpanﬁthumﬁglfﬁéd at
and R7 eac epresent_an ary roup, A represents an anion
of an arong§£ % Q t Beid ﬁa5lﬁg ést one functional group

sel ect ed f ggbh?e group consisting of a hydroxyl group, a 15 carboxyl
group, and group in the aromatic ring; AH represents an
aromatic organic acid having at |east_ one functional group sel ected
fromthe group consisting of a hydroxyl group, QLK %@Hyl group, and
a thiol group in the aromatig rlng x and y each re ‘esent an i nt eger

of 1 to 3; 20 z reprgsents dW i ger 0 to 3 ard x=y;
{D
CH, — Ar
~Mm P
(R1Y, ROy, "
10 s

wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; RZ2 represents a
15 . hydrocarbon group having 1 to 4 carbon atoms; W1l represents
an oxygen or sulfur atom; RO's each represent a hydrocarbon
group having 1 to 6 carbon atoms and may be the same or
different; a is an integer of 0 to 10; g is an integer of 0
to 3; and m and n represent molar ratios and satisfy 0<m<1,
20 0<n<l, m+n=1, and the ratio m/n = 1/10 to 1/1.
[0008]
[2] The resin as described in [1], wherein the epoxy resin

(al) is a glycidyl-etherification product of a phenol resin



+66%+7+—8 (YY) f wherern—4+epresents an alHkH-greuphav-rg—H-o—3—————
carbon atons; Yl represents a hydroxyl group; and e and f represents

an integer of 0 to 3; 5[0018] R8OG pR11 RO- P 0 R1IO Ritr R12 OH

wherein P represents a phosphorus atom R8, R9, and R10 represent

al kyl groups each having 1 to 12 carbon atons or aryl groups each

having 6 to 12 carbon atons and nmay be the sane 10 or different; RI11,

R12, and R13 represent hydrogen atons or hydrocarbon groups each

having 1 to 12 carbon atonms and may bet hesaneordifferentwhereRH and

R12 maybe titR&RHFHlGAY 40t FolRePRERI} Eestirueeine 2 aRdcpodEdpation

product of a phenol, an aldehyde, and a compound (G) represented
by the formula (2}:

[0009]

(Rﬂa ~— Ar— WiR2 (2)

wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; R2 represents a
hydreocarbon group having 1 to 4 carbon atoms; Wl represents
10  an oxygen or sulfur atom; and a is an integer of 0 to 10.
[0010]
[3] The resin as described in [1] or [2], wherein the

epoxy resin (al) is represented by the formula (3):

[0011)
OCH,GHCH,
WIRZ 0
/\Al [ (3
oH, = cH,
N2 Jm L 2
{R'I}b (Ro}g

15

wherein R1's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; R2 represents
a hydrocarbon group having 1 £to 4 carbon atoms; W1 represents
20 an oxygen or sulfur atom; RO's each represent a hydrocarbon
group having 1 to 6 carbon atoms and may be the same or

different; b is an integer of 0 to 5; g is an integer of 0 to



ZEY¥2-S | -Y4 X2/ X3 Y5—R15—RI14-1 -R16 R17 9y 9
wherein P represents a phosphorus atom Si represents a silicon atom
R14, R15, R16, and R1l7 represent organic groups each having an
aromatic or heterocyclic ring or aliphatic groups and may be the sane
or different; X2 represents an organic group 5 linked with both
groups Y2 and Y3; X3 represents an orgami c group linked with both
groups Y4 and Y5; Y2 and Y3 each represent a proton donor noiety from
which two protons are |lost, and are linked with the silicon atomto
forma chegataé“?b‘fﬂr%ﬂt}}tI Uy 8ePY2sgRd WSlandR e esdnta bl pf prmdondr<n<l,
moi ety fromwhich two 10 protons are |lost, and are |linked with the
silicon at®htd,f8pth Ahehspiie svnuct drvd0 X dnd X3 may be the same
or different; Y2, Y3, Y4, and Y5 are the sane or different; and Z
represent sl@h18tgani c group having an aromatic ring or heterocyclic
ring or an aliphatic group.

[4] The resin as described in [3], wherein the epoxy resin

5 is represented by the formula ({4):

OCH,GHEH,
/fHECHa 0
] .
CH, o CH, @
A } ] |
(R1}h (RO)g

wherein R1l's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; RO's each

10 represent a hydreocarbon group having 1 to ¢ carbon atoms and
may be the same or different; b is an integer of 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratios and
satisfy 0<m<1l, 0<n<l, m+n=1, and the ratiom/n = 1/10 to 1/1.
[0013]

15 [5] The resin as described in any of [1] to [4], wherein
the phenolic compound (B) is represented by the formula {(5):

[0014]
OH OH OH

H(L\'C \c\(g
¥ H, H}kk%

{
(RS)d (Ra)y 2 R34

H (5)

wherein R3's each represent a hydrocarbon group having 1 to

20 4 carbon atoms and may be the same or different; d is an integer



15[ 0020] [7] The resin as described in any of [1] to [6],
wherein the resin conposition further conprises: (E) a

sil ane coupling agent; and (F) an aromatic conpound havi ng
at |east two hydroxyl 20 groups conbined with each of adjacent carbon
atons conprising the aromatic ring. [8] The resin as described
in[7], wherein the aromati c conpound (F) has two hydroxyl groups
combi ned wi th each of adjacent carbon atoms conprising the aromatic
ring. 25 [9 res s descri bed | mher n the aronatic
conpound (‘# E Z; aﬁﬂ?hgggné‘vrelrﬁﬁ r?é[gt Y% %W%x‘i{? %r’b‘&p@‘
conbi ned ML6$ ﬁ ch of adjacent carbon atons conpr|5|ng 10 the

napht hal en t E [ 10] The reS|n as described in [7], wherein

h F)_h |
O oups conb ned LHIC ANEaERSoF 20 SomtL K37 Bon 2BUaRE Lot SPlg tHersin
ht hal Th d i bed 7
Lo [10], it lacfn%%’h% et éﬁaﬁ%sf? i Gonigr % C%ﬁses#eﬁa??% Shétd
(F) |n£9n m)un%h wei | @@pr re to 1 g ht % or L ésbtoth
the total Wergh %fgfﬂ89r85| ESeSsith 6 C%Tﬂ%ﬁﬂ THePTeEFHR-88 °Y =he

descri bed

cont ai ns t%g @??%néﬁ 0u5llng <%gh¥h%é§£$ﬁé£ erﬁéﬁnf%anggltlﬁgiéh{'@@

or nore to éLm el g CrlltroeA)orSIe s Jo th totg Eg aﬁf thg resin nd
conposi ti oho P Pﬁﬁ ﬁ%e re?Vn Pt "an§) SfETlfo?Bou
[12], wherein 15 t r 05|t|o ontains the inorganic filler
(O in an aﬁ% ?S%O %t¥&)or nn?ggto 92 weight %or less to the
total weig f the reS|n conp05|t|on [ 14] According to the
present inven % there is provided a sem conductor device

conprising: 20 a senlconductor el enent encapsul ated by the cured
resin of the resin co 05|t| it descrlbed inany of [1] to [13].

[ 0021) ccordlng to he pr vention, there is provided
an epoxy resin C or encapsul jon 25 whi ch
does not cont ai : nt or an anti nony
conpound, exhib|ts hlgi fIa resistance regardl ess of |ow materi al

cost, and high | derRBg rest'8tance after 11 humidified, as well as
a seni‘Pnductor devise. [0022] According to the present
i nvention,,{hes e, ipS:phe¥kdad san Jaad Qtsarm@@ HONRWNI L0y R7 each

exhibits high flanme resistance regardl ess of |'ow, naterial cost,
and hi gh solglesiag: rasistance aften JuBighfi b Sosd bt & Srs Wil @ Qh

a sem conductor device of a surface-nounted device. BRI EF DESCRI PTI ON
OF THE DRAWNGR ic organic acid having at least one functional group
selected from the group consisting of a hydroxyl group, a
15 carboxyl group, and a thiol group in the aromatic ring; AH
represents an aromatic organic acid having at least one.
functional group selected from the group consisting of a
hydroxyl group, a carboxyl group, and a thiol group in the
aromatic ring; x and y each represent an integer of 1 to 3;

20 z represents an integer of 0 to 3; and x=y;

[0017]



[ 66231—10The above and—ethe+t—obj-ects, advant ages—ahd—features-—of -the

present invention will be nore apparent fromthe foll ow ng
description taken in conjunction with the acconpanyi ng draw ngs.
[0024] 15[ Figure 1] Fig. 1 is a cross-sectional view of a

sem conduct or device using an epoxy resin conposition according to an
enbodi ment of the present invention. BEST MODE FOR CARRYI NMG OQUT THE
| NVENTI ON [ 0025] 20The present invention provides a resin conposition
for sem conductor encapsul ati on conprising an epoxy resin (A, a
phenol i ¢ conpoun égﬁ?%;ontain'ng two or nore phenolic hydroxyl

groups, an inorga e™w(¢), and a curing accelerator (D). The
epoxy resin (A) |conpri sg~ d ? resl P(zﬂ) represented 25 by the
formula (1). Theg resin ¢ gsijtion % hoi sture absorp{ypn rate of
0.22 weight %or\less whem1heg bn is hum dified at 85C and
85%relative humdity (RH) for 16 ¥2' hours. This epoxy resin
conposition exhibits high flanme resist@ghce and hi gh sol dering

resi stance after hum dification regard -éjfof | ow mat eri al cost.

Herei nafter, each conponent will be described in detail. 5(0026)

The epoxy resin (al) as an epoxy resin (A) represented by the fornula
(1) is useHhPﬁetlﬁeXi)F%’éﬁtseFlﬁ\?e?ﬁ B3k Y ITAF LB TR $itP Bt  RoMBAICHS
many i ntranol ecul ar aromati c carbon atons, and cured epoxy resin
conposi ti oRs EBRTESENT§ ChDYIEFFN AUP/ 13Tk HAnd H greRrements an
resi stance and | ow noi sture absorption. The ratio mn of the
structural 10APE&INP&nd &% Hithe formula (1) is in the range of
preferably 1/10 to 1/1 and nore preferably 1/9 to 1/2. Aratio mn
within 2 hi §9PaAde | eads to high flame resistance, |ow viscosity, and
thus high flowability of the 15 resin conposition. [0027] 20
wherein Ar representsRgn aryl éroup having 6 to 20 carbon atons; R 's
each represent a hydrdgcarbon group having 1 to 6 carbon atons and may
be the sane or differgnt; R2 r-pres;gfﬁ a hydrocarbon group having 1
to 4 carbon atongy W pep : 3" ah oxygen or s%%éur atom RO s
each represent a hydrqcarbo p having 1 to 6 carWen atons and may
be the sane or differdnt; aMAs~adinteger of 0 to 10; g is an integer
of 0 to 3; and ”‘a”dRﬁEf%B gs€ molRdr2rati os and satisfy 0<nki,

OH

wherein P represents a phosphorus atom; R8, R9, and R10
represent alkyl groups each having 1 to 12 carbon atoms or aryl
groups each having 6 to 12 carbon atoms and may be the same
10 or different; R11l, R12, and R13 represent hydrogen atoms or
hydrocarbon groups each having 1 to 12 carben atoms and may
be the same or different where R11 and R12 may be mutually linked

to form a cyclic structure; and

[0019]
pung. — + —
R15 Zr
R 4—~rL——~R16 Y2 —Si—Y4 (©)
/ / \ AN
X2 X3
s R17 ~yz Y5



S5-0<rm<%t; mtn=1, ‘and the—+at+e—mn = 1/10 t o H1+—00628]

Exanpl es of the epoxy resin (al) represented by the fornula (1)
include, but not limted to, epoxy resins represented by the fornula
(4), the formula (10), the forrmula 10 (11), and the fornmula (12). In
view of flanme resistance, epoxy resins represented by the fornula (4)
(Ar in the formula (1) corresponds to tlhe naphthalene ring in fornula
(4)) and epoxy resins represented by the formula (11) are nore
preferred. LOOZQ] wherein R 's each represent a hydrocarbon group
havi ng 1 t 8hereandierRreFeNaldR PR PR XS 3RAB/ o711 gFPPresents RPidicon
each represent a _hydrocarbon group having 1 to 6 carbon atonms and 20
may be theatame B8A4di Rildre®ll bang &7 MAPFESYIL IR TIC gITQURFH each
integer of 0 to 3; and mand n represent nolar ratios and satisfy
O<nxl, O<nRavip@nan azpBathe PatPBLARPAYEl1IL10ing eri1alfpbsdic ggoups
wherein R 's each represent a hydrocarbon group having 1 to 6 carbon
atons and PfﬁsiﬂlﬁaYPﬁetfsfaﬁém@roﬁidﬂffér@é?ﬁ@;t?R@gslfeéa’@rﬁ%’trfeéflé%@ﬁmep group
hydrocarbon group having 1 to 6 carbon atonms and may be the same or

di ff er éht ; Lénksdanitht B§ER 6£00PF0YE; agdj §3anXPnregeesents 8o 3rgandc
in and n represent nolar ratios and satisfy O<nxl, O<n<l, n¥n=1, and
the ratio &FAUR lymied yithpopgseprs Y4 enghet el R4 § 3crath represent
a hydrocarbon group having 1 to 6 carbon atons and may be the same or
di fferent ; 2T St @A TITPPELERY BIAPIDERR BotP §Lotprisasrfglasto ad are
carbon atonms and 15 may be the sane or different; b_is an integer of
0 to 5; g +3nkAdiitehetnarshlierB; 2R th &ttt & SpedSdmt St Urgri &4
and satisfy 0O<nkl, 0<n<l, mtn=1l, and the ratio nmin = 1/10 to 1/1; and

[ 0032] 15and Y53 each represent a proton donor moiety from which two
10 protons are lost, and are linked with the silicon atom to form
a cﬁelate structure; X2 and X3 may be the same or different;
¥2, Y3, Y4, and Y5 are the same or different; and 21 represents
an organic group having an aromatic ring or heterocyclic ring
or an aliphatic group.
15 [0020]

[7] The resin as described in any of [1] to [6}, wherein
the resin composition further comprises:

(E) a silane coupling agent; and

(F) an aromatic compound having at least two hydroxyl

20 groups combined with each of adjacent carbon atoms comprising
the aromatic ring.

[8] The resin as described in [7], wherein the aromatic
compound (F) has two hydroxyl groups combined with each of
adjacent carbon atoms comprising the aromatic ring.

25 {8] The resin as described in [7), wherein the arcmatic
compound (F} has a naphthalene ring and at least two hydroxyl

groups combined with each of adjacent carbon atoms comprising



wherermR 's each represent—a—hydr ocar bon -greup—hevreg—d—to—6—carber——— -

atons and may be the sane or different; ROs each 5 represent a

hydr ocarbon group having 1 to 6 carbon atons and may be the sane or
different; c is an integer of 0 to 3; gis an integer of 0 to 3; and
m and n represent nolar ratios and satisfy O<nkl, 0O<n<l, mn=1, and
the ratio mn = 1/10 to 1/1. [0033] 10Tiwe epoxy resin (al)
represented by the formula (1), used in the present invention, can be
prepared b glycidyl -etherification of a co-condensation product of a
phenol , %?d%ﬁ?@éhaaﬁdearéaﬁpound (G represented by the formula
(2), usrng eplchlorohxdrrn The conpound (G is. 15 characterized in,
that an aromati ¢ 10In§PRotebbhdeddescaigegci byl 7 bt mévergriduphesa FPRREAC
with WLR2 where WL represents an oxygen or sulfur atomand R2
representsc%mmVGQ%caFBohaar%u%ﬁm%Ehﬁge&etBlﬂgc%P%oﬁW%t%M%ronndﬁﬁ@uBﬁ
WLR2 inparts polarity to the conmpound (G %resented by the formnul a
(2). This FMetue@rY 2bhpdrani oy ﬁﬁpﬁ69é§ Fﬁé P8adttiofist FoamF ising the
facilitates introduction of the structure of the conmpound (G into
the novol dk2RRsh&1eBAPESBEA- of the phenol and al dehyde. Furthernpre,
this epoxy 16 resin (al) can be readlly produced. or avail abl e

| ower material détsTEBHFET EURStHHERDPE aFk9P8p8§9?ééﬁ%éHQJvnﬁhereln
bi phenyl ene skel etons, which also exhibit high flane resistance and

| ow noi st uyRe alb%%rlpt‘?%‘hpo%fbb%ﬁ]c?’ﬁi‘?lnsAFhe womtaC(eymp%erﬂe. ' ARn
represents an aryl group having 6 to 20 carbon atons; R 's each
represent & AR GEErHbN g?pupeh%Qan 9Tt BOBE chP bbn" &t BhE 3nﬂrna955et°
the sane or different; represents a 10 hydrocarbon group having 1
to 4 carbdﬁ“%t%%%alhwerepFeg nt&€a ﬁ98%9géﬁmgPS§GPPEr at om and ais
an |nteger of 0t anpl.es of

product® on of tné%épr'p}%? rree?fsn Edﬁﬂ%%én Uy O%oigﬁ)ltrﬁt[zg t'o Whereln
phenol i c cdgpounds used in 15 synthesis ral hen resins

e oA S, (s s e, Rhed 2l Irae B 8r?9&99eﬁ8rnr (E)

| pheno) , 1- ht hol Th
nony Phencly Sionpiuieloe MhZ DEBILoL, o IngsEePLenel 5 TBY D, 43t
duct f th | Lude, Bbut | ted t
2] Gohyde. ohpBtmas Bes ywrﬁ3§§n§ﬁeérénﬁ “gén r§P°§ﬁ%n8r”?e§.ns° e.q

f or mal dehyde, ie%ge nyde,. benzal dehyde, .and sa 8%g§%dég¥ﬁpl g@g e,

al dehydes nmay b Qitone Tof i conbl nati on. es-of

the C%%po%ﬂﬂa& :;FE%%%%%H%QOPVCEH%alﬂsnyhé 1&brganlc filler (C) in an

amount of 80 weight % or more to 92 weight % or less to the
total weight of the resin composition.
(14] According to the present invention, there is
provided a semiconductor device comprising:
20 a semiconductor element encapsulated by the cured resin of the
resin eomposition described in any of [1] to [13].
{ooz1}
According to the present invention, there is provided
an epoxy resin composition for semiconductor encapsulation
25 which does not contain a brominated flame retardant or an
antimony compound, exhibits high flame.resistance regardless

of low material cost, and high soldering resistance after



2y—inct-ude net hoxybenzene;—ethoxybenzene,- -de;

et hyl phenyl sulfide, nmethoxynaphthal ene, ethoxynaphthal ene, nethyl
napht hyl sul fide, and ethyl naphthyl sulfide. Anong these conpounds,
conmpounds 5 represented by the fornula (13) are preferred and

met hoxynapht hal ene conpounds represented by the fornula (14) are
particularly preferred, considering higimflame resistance and | ow

noi sture absorption: [0038] 10 W R2 (13) wherein R's each
represent a hydrocarbon group having 1 to 6 carbon atonms and may be
the same oRVUBLARELEAr; aR2 Vedpr éSerdt S IR BEHrPordefbi®- having 1 to
4 carbon atons; W represents an oxygen or sulfur atom and b is an

i nteger of [B0€815: and 15[ 0039] OCH3 (R1)13 wherein R's each
represent a hydrocarbon group having 1 to 6 carbon atons and may be
the sane or diffAFemtdihdt® ke anreperfeinvenbien, sStheopodsoproygded
Synthetic nmethods of phenol resins, which are precursors of the epoxy
resin (al)an$@Pihrepenprannatltinenhich, e drid ot hiphi tlane Fgsistance
exanpl e, the phenol resins can be prepared by co-condensation of
phenol & ar@epydésssamid ltOWem@%ﬁﬁéade(%)r 8Ny ¢k Sorlale By a KesEEERNCE
(2) in the gresence_of acid catal ysts. [0041% The epoxy resin
(al) used #htererpredehited nienitohs myi U5 1o RPRed isead Iy BIRE P deddse
For exanple, a phenol resin, 10 which is the precursor of the epoxy
resin (al)ofia 8Ps$8FPaROPAtER GRVéSS -anount of epi chl or ohydrin, and
the mxture is allowed to react in the presence of an al kali netal
hydr oxi de, BRIBF BBAFEAMPAYINoRFdd Hor dGSum hydroxi de at 50 to 150C
and preferably 60 to 120C for 1 to 10 hours. After the reaction, 15

t he excess[%Bgéhlorohydrin is removed by distillation. The residue is
di ssolved in a solvent such as toluene or nmethyl isobutyl ketone. The
solutith is fil T&¥%eaPeg PEIWAEREE W 19C Wit AN Y & thd sator§anPé
salt. The solvent is renoved b d&itillation to giel an intend?d )
epoxy resi ¢SSP dOXSRt Lo WLl Pg ersy BRRAL TP hvETRT il 4Ry LEPABE
epoxy resin may, be, used_in conpination with the epoxy, resin (al ,
representeﬁeﬁﬁgfﬂgl?Brnﬁ?ge?lfg1Eﬁﬂﬁﬂ%ﬂ??ﬁo%uéﬂﬁ§b0¥9ereEFﬁ mP%BV&B@

bi phenyl eggéxigggins, bi sphenol epoxy resins, stilbene epoxy
{0024)]

15 [Figure 1] Fig. 1 is a cross-sectional view of a semiconductor
device using an epoxy resin composition according to an
embodiment of the present invention.

BEST MODE FOR CARRYINMG OUT THE INVENTION
[0025]

20 The present invention provides a resin composition for
semiconductor encapsulation comprising an epoxy resin (A), a
phenolic compound (B) containing two or more phenolic hydroxyl
groups, an inorganic filler (C), and a curing accelera‘tor (D} .
The epoxy resin (A} comprises an epoxy resin (al}) represented

25 by the formula (l1). The resin composition has a moisture
absorption rate of 0.22 weight % or less when the composition

is humidified at 85°C and 85% relative humidity (R.H.) for 168



25 resins, phendél novol ak- epoxy resins, cresol novol ak epoxy resins,
tri phenol net hane-type epoxy resins, phenol aral kyl epoxy resins
havi ng phenyl ene skel etons, phenol aral kyl epoxy 19 resins having

bi phenyl ene skel et ons, napht hol -type epoxy resins, alkyl-nodified

tri phenol met hane-type epoxy resins, triazine-ring-containing epoxy
resins, and dicycl opent adi ene-nodi fied jghenol epoxy resins. In 5
consi deration of noisture resistance of epoxy resin conpositions for
sem conduct or encapsul ation, it is preferred that the contents of
ioni c i mpureEres stks BPREYi 19F Eat FORBCaRELeRl 8rNAR1ARI bAghbd ladme ow
as possible. In viewof curability, the epoxy equivalent is .
pref er abl yresi shengarfged 10 gbf sabde fleg te LURnpgegliter humidifigption
ot her epoxy resin is used in conbination, the proportion of the epoxy
resin (al)rederhbedvephl LodpBRyerésiincrstpreferably 10 wei ght % or
more, nore preferably 30 weight %or nore, and nost preferably 50
wei ght % or nor 8ered ngfd@r + 6a¢h rmpevenhivgh If bare yesiRedddedetall.
[ 0043] The resin conposition according to the present invention
contai @s al Yhehbl i ¢ compound (B) containing two or nore phenolic
hydroxyl groups, as a curing agent. This phenolic 20 conpound (B)
ensures high fl 3ke FESXYt 4RcéNand lhoRSt ARecPesYstanée, (BkcBepepsented
el ectrical characteristics, curability, and preservation stability.
The phenol®¥ t&enptmdl ¢ BYL )nhy Yse il hoAenRE eSBONE goreant v n polBries ePoxy
having two or nore phenolic hydroxyl groups in the nolecule. The

nol ecul ar ¥&FHht2dndc2Bt 3¢ padtaeiBE rene 1 pREASIK ¥F eBdbbt NG (ER): aFens,
not limted. Exanples of the phenolic conpound (B)  include phenol
novol ak reéSth§UTELe8BP X Kot dk CPBSIPES F 1OMNSpheAbP At RENEl 1§ F@ YeriBF 11
20 resins, terpene-nodified phenol resins, dicyclopentadi ene-nodified
phenol10r eGP bheb¥h af LFRG| TRESFRENASVARE PRENICEFE Uhif/agrsorption.
bi phenyl ene skel et ons, napht hol aral kyl resins having phenyl ene

and/ or ~ bi pHEhyi & ES“@kéiIgtt&’r“r’s,Stéh’t‘ftb“?/réﬂhé‘ﬁ’dltscahﬁé‘ﬁn&s?-“TEB%efOfmﬂa

conpounds y .be, used al one qr in_conbjnation. In view of curability,
t he hydrox&ﬁ éamiﬁsn&ame PR TP Y3§1§r%?é/&b?9dmrt%ar? f5RDLY

90 g/eq and, 250 g/.eq. [0044] 10Preferably, ,the phenoli¢ conpounds. (B)
Shoul d be TebiasdhEad By Mo PR S) Lhii S BREAGRT S CnBoaRaEL Rt
represented by the foryula (5) has many,phenol| ¢ yﬁ&ox . groups
by 05 AF CHHBLTT | olP B okt 07 Ao L PSR! b E9Burbotaht SARVhPEsEhe
hi gh Hﬁactuyii , ol dabjlity, and 15 productivity, resulting in | ow
materi gl dnd Pt odtitETdh t88ts. A cured product thereof exhibits high
crosslink ﬂﬁﬂﬁtfy and glass transition tenperature (Tg). Nonlimting
0

exanpl es phenolic resin represented by the fornmula (5) include
phenol novol ak resins and cresol novol ak resins. 20[ 0045] OHOHCOH CC

OCH,GHCH,
WiR2 ’ 0 -
\ 1 [ o
CH, — Ar CH,
[ ~m ~n
(R1>, (ROY,

20 wherein Ar represents an aryl group having 6 to 20 carbon atoms;
Rl's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; RZ represents a

hydrocarbon group having 1 to 4 carbon atoms; Wl represents



(s)"H2 (R3)d(R3)d k(R3)yet—wherein R3's each represent—a—hydrocarbon -
group having 1 to 4 carbon atons and may be the sanme or different; d
is an integer of 0 to 2; and the average of k is in the range of 0 to
8. 21 [0046] The proportion of the phenolic conpound
represented by the formula (5) is not limted and preferably 10

wei ght % or nore, nore preferably 30 weight % or nore, and nost
preferably 5 50 weight % or nore to the total anount of the phenolic
conpounds (B) in order to ensure satisfactory reactivity and

product i vi 8. ©kKGO47] oFhe ulaorgadion f R0 'er seCh weedsisenthe pryisbmwmarbon
invention 10 maybe any common inorganic filler used for resin

conposi t i oAsoRer haa@dingodddet dr @ps i Benoandxeapl e bhet pame or
inorganic filler (C include fused silica, spherical silica,

crystal | i ngisifeireat alauisnan dintiegmr wift 4 de 1&id dallgmamurhndiggd et 0
In view of noldability, the particle size of the inorganic filler
15(C) is pkeféraBhy MnapHenr A& 6. OP lom retive pad PRé icdit dm<df,
the inorganic filler (C) to the overall epoxy resin conposition
ranges ¥roRfpréf emdipyk 8@ nteitgtt Datiee 99/ et g 104t ook el preferably 82
wei ght %to 91 weight % and nost preferably 84 weight %to 90 wei ght
% An inor§8RAREIfiller content within 20 this range can prevent

noi sture absorption of the epoxy resin composition, and can ensure
hi gh mechani cal =iawwesh afd thgussiegh seFderiled )creskreeshtednby. the
Wthin such a range of the inorganic filler content, the epoxy resin
conposi ti oficKBY18at { § ackmriude ondBitt | Ptandinhbsdsat?sf RRVFY resins
nol dabi lity. 25[0048] The curing accelerator (D) in the present
i nvention FSPHSEGNEST Y e frmher ridact ithR 6PrRRéaepbXly- dririfeamila
the epoxy 22 resin with phenolic hydroxyl grou?s of the phenolic
conpould. AhY) eldihdbscEeFBrAR orl sed TV EBMAIN T BBR Y 9kt Fance, epoxy
conpositions for sem conductor encapsul ation nmay be used. Exanples of
such curi n§eaébél EPREEFENTFREI BYetPROSPRBIUR- EDht B hi iy dshdsuisia 51)
such as organi ¢ phosphi nes, tetra-substituted_ phgosphoni um conpounds,
phosphobet 8PR&&sPeadEcES e i akdnafd "duit RoheEMU 4Ad( AHaRS eproxy
phosphoni um conpounds and si | ane conpounds; and nitrogen-cont ai ni ng
conpounds §G8A13s FEPEEFERFSR QYCITHS, L) ifhdelcdngt®e more preferréd.
benzyldine%&ghg ine, and 10 2-nethylim dazol e. Anbng these,

phosphor us* i ning conpounds are preferred. Tetra-substituted
phosphoni um conpounds are nore preferred in view of flowability of
the resin conmposition. In view of |ow nodul us when thecaHesy epoxy
resin conposition is heated, phosphobetaine conpound arfdt_adducts” 15
of phosphi ne conpounds and qui none ©6Hgounds are preflerred. In view
sphgni um|conmpounds_ahd sil ane

of latent curability, adduct f d
conpounds are prefe rqﬂ4 0 f rgani d dsphi nes #¥abl e
in the present 2 2
/n
7(R'| > b 7 (Ro)g 7

15

wherein Rl's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same ér different; RO's each
represent a hydrocarbon group having 1 to 6 carbon atoms and
20 maylbe the same or different; b is an integer of 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratios and
satisfy 0<m<l1l, 0<n<l, m+n=1, and the ratio m/n = 1/10 to 1/1;

[0030]



20—tnventi on i ncdl ude pr+rary—phosphi nes, sue

phenyl phosphi ne; secondary phosphi nes, such as di net hyl phosphi ne and
di phenyl phosphi ne; and tertiary phosphi nes, such as
trimet hyl phosphi ne, triethyl phosphine, tributyl phosphi ne, and

tri phenyl phosphi ne. 25[ 0050] The tetra-substituted phosphoni um
conmpounds usable in the present invention are represented by the
formula (6): 23 [0051] - r RS- R7[A] -F1)1AI-1 Y R6 (6) wherein

P represents a phosphorus atom R4, R5, R6, and R7 each represent an
aryl or alkyl group; A represents an anion of an 5 @CQn@HCgEorganlc
acid having at |east one functlon oup sel ected firom¥he“group
consi sting of a hydroxyl group, a ca? xylggroup and a thiol group

in the aromatic ring; [AH repres s an|aronftic orgaqQiclacid having
at | east one functiongl oup ted fro cpnsi sting{H a
10 hydroxyl group, a ar kyl Eg [
aromatic ring;, x and each re r ent integer of~¥1 tQ 3; z
represents an integer of 0 tolRD .and x=y; [0052] (RG
tetra-substituted phosphonluntconpound repr esent ed 1B by the formul a
(6) can be prepared, for exanple, as follows: A tetra-substituted
phosphoni um hal i de, an aromatic organic acid, and a base are

di ssol ved in an organic solvent to generate anions of the aromatic
organic acheFﬁlﬂhglsélGﬁF@nreﬂéﬁéﬁﬁﬁs%mm%Q§QQ§qﬁﬂ9sﬁﬂQHH(h@%%ﬁg 1 to
precipitate a conpound represented 20 by the fornmula (6). Preferably,
R4, R5, 1k8, CaR8OR7 AR d D Rt Jhosphotae a%rm%f%eﬁpf 590§p§ach
AH i s a_ conpound haV|ng a hydroxyl group in the aromatic ring, i.
phenol 2onp8BAESEARdEA V%raﬁaéﬁpdngéPUPhBaHhBHoF E%d%dﬂmkpoqr?QQW§ a“d
conpound represented by the formula (6). 24 [0053] The
phosphobet BRXeP8obpButifae usarl e fsr ¢l ff dsermn .lﬁ\temerroﬁfaPeto % g is

represented b¥ the fornul a 87%
nteger of t + and m and n represent molar ratios and

I\.'I

satisfy 0<m<l, 0<n<l, m+n=1, and the ratiom/n = 1/10 to 1/1;

[0031)]
OCH,CHCH,
SC,Hg \0}
o 4%/%/ 1 o (11
2 = z
(R1} \/J - M L “n
R, (RO}g

10

wherein R1's each reeresent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; RO's each
represent a hydrocarbon group having 1 to 6 carbon atoms and

15 may be the same or different; b is an integer ¢f 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratios and
satisfy 0<m<1l, 0<n<l, m+n=1, and the ratio m/n = 1/10 to 1/1;
and

[0032]



I

S-wheretn X1 repr esents—ar—atkyt—group havi- ¥
represents a hydroxyl group; and e and f represents an integer of O
to 3; [0054] The phosphobet ai ne conpound represented by the formul a
10(7) can be prepared by, for exanple, to contact between a

triaryl phosphine (tertiary phosphine) and a diazonium,and to
exchange the diazoniumgroup of the diazpniumsalt for the tertiary
phosphi ne. Any ot her process may al so be available. [0055] 15Adducts
of a phosphi ne conpound and a qui none conmpound usable in the present
invention are represented by the fornmula (0): R8 R11 RO -P(8) R10 pi
3R12 OH wherein P represents a phosphorus atonm RS C§i§h@gg R10 25
represent al kyl groups each havin% 1 to 12 carbon \ aryl
groups each having 6 to 12 carbon®ans and may be [the €anme or
different; R11l, R12, d R13 representy hydrogen atams pr hydrocar bon
groups each having 1 tjo 12 car t he same or12)
different wherein R H orma cyclic
structure. [0056] Exanpl es of preflerre onpounds used
for preparation of the adductgiyncl udé triphenyl 9§phf%e, 10 tris

(al kyl phenyl ) phosphine, tris(alkoxyphenyl)phosphineé

tri napht hyl phosphi ne, and tris(benzyl) phosphi ne. These phosphi ne
conpounds may have any substituent such as al kyl and al koxy groups.
The al kyl and al koxy groups preferably have 1 to 6 carbon atons.

Tri phenyl phosphine is preferred because 15 it is readily avail able.
Exanpl es ofhguehnnBlcanpdthdseRsecrbr aph¥REaPEREBANOFLPHE Ad¥dELGs 1 to
i ncl ude o-benzoqui none, p-benzoqui none, and ant hraqui nones. Anong

t hese, p-benzdgbPRoABOMEXANBI PRHGPRI §Represeér wat ide fsaxasilq RO ' § seach

preferred. )
5 represent a hydrocarbon group having 1 to 6 carbon atoms and

may be the same or different; ¢ is an integer of 0 to 3; g is
an integer of 0 té 3; and m and n represent molar ratios and
satisfy 0<m<1, 0<n<l, m+n=1, and the ratiom/n = 1/10 to 1/1.
[0033]

10 The eposy resin {al) represented by the formula (1), used
in the present invention, can be prepared by
glycidyl-etherification of a co-condensation product of a
phenol, an aldehyde, and a compound (G) represented by the
‘formula (2), using epichlorohydrin. The compound (G) is

15 characterized in that an aromatic ring not bonded to a glycidyl
ether group is linked with W1R2 where Wl represents an oxygen
or sulfur atom and RZ represents a hydrocarbon group having
1 to 4 carbon atoms. Bonding of W1RZ2 imparts polarity to the
compound (G) represented by the formula (2). This molecular

20 polarity improves the reactivity and facilitates introduction
of the structure of the compound (G} into the novolak resin

composed of the phenel and aldehyde. Furthermore, this epoxy



20Ffhe—adduct of 't he phesphtre—<onpound and t he—gtHrene—sonRpound—can— -

be prepared by m xing an organic tertiary phosphine and a

benzoqui none in a good sol vent. Sol vents exhibiting | ow dissol ving
power for the adduct are preferred. Exanples of such solvents include
ket ones, i.e., acetone and 25 nmethyl ethyl ketone. Any other sol vent
may al so be used. Adduct of 1, 4-1#enzoqui none and

tri phenyl phosphine is preferred because this adduct decreases the
nodul us when the 26 cured epoxy resin conposition is heated. In this
adduct, RBreRON AR4) REOTaPE pBREAY-YgPERR&CesdndrH 2 Rl akulRl Fa3layer
hydrogen atons in_the forrmula (8).. !0057] 5The adduct of the

phosphoni URR EORbBLITP SAfdC aMBRF §A SRl sl i APPKY FReiEhbaving

invention is represented by the formula (9): ?? ..1210 Z1 Y2 S i
--Y4 X2 | XBpbhewgyene skgiotengherbilghpalepr 83dyitsl ta HYS phbd® at om
Si represents a silicon 10 atom R14, R15, R16, and R17 represent
organi ¢ grbepEs eABAE halfngodnTar6fEE e 285 OK@tddeyclic ring or

al i phatic grouEs and may be the sanme or different; X2 represents an
organi & gr 68P3finked with both groups 12 and 13; X3 represents an
organic group linked with both groups 14 and 15; 12 and 13 each

represent 15 a pr n donqr noi fromwhich two tons are |ost,
and are |inked mﬁ?ﬁgghe sgficokﬁg%gnlto forma chek? e structure; 14
and 15 each represent a proton donor noiety fromwhich two protons
are lost, and are linked with the silicon atomto forma chelate

st ruct ur e; WHOreh AT aRyeBeNE RS ARE LGFEIR PeVdRg; 6 2@ 49 carbom aLoRAq
15 are the_ sane or different; and Z1 represents an organic group

havi ng an Bt ofret3 T i §RY o7 ¢ NetB QRGBT ryu i & §6hat ite §r sapon

[ 0058] 27 )
atoms and may be the same or different; R2Z represents a

10 hydrocarbon group having 1 to 4 carbon atoms; Wl represents
an oxygen or sulfur atom; and a is an integer of 0 to 10,
[0035]

Examples of phenols used in production of the epoxy resin
{al} include, but not limited to, phenolic compounds used in

15 synthesis of general phenol resins, e.g. phenol, o-cresol,
p-cresol, m-cresol, butyliphenol, xylenol, nonylphenol,
l-naphthol, and 2-naphthol. These phenols may be used alone
or in combination.

[0036]

20 Examples of aldehydes used in production of the epoxy
resin {al) include, but not limited to, aldehyde compounds used
in synthesis of general phenol resins, e.g. formaldehyde,
acetaldehyde, benzaldehyde, and salicylaldehyde. These
aldehydes may be used alone or in combination.

26 [0037]

Examples of the compound (G) represented by the formula



Bxamptes of Rl4,; R15, Rt6—ane R17 in the formHa—{R—rectude
unsubstituted or substituted aromatic groups, such as a phenyl group,
nmet hyl phenyl group, nethoxyphenyl group, hydroxyphenyl group,

napht hyl group, hydroxynaphthyl group, 5 benzyl group, nethyl group,
et hyl group, n-butyl group, n-octyl group, and cycl ohexyl group.
Anong these, a phenyl group, nethyl phenyli group, methoxyphenyl group,
hydr oxyphenyl group, and hydroxynapht hyl group are preferred. [0059]
10In the forrmula (9), X2 represents an organic group |linked with both
12 and 13, (2hdixgludpr msehrgybAneegani 6 tgosypanzened wiath ydotdheny hnd
15. 12 and 13 each represent a proton donor noiety fromwhich two
protons arsulbsde, apthitephenkédsul £hdehe meithiosam agthdmatlefecor m a
chelate structure. Simlarly, 14 15 and Y5 each represent a proton
donor noi eayhdxpnephiEbAlene, pmetbid apehitdytl, sadd iglee lantkedhwik h t he
silicon atomto forma chelate structure. X2 and X3 may be the sane
or differemphtingl 19ulfddel4 Anerig 15heey bemphandgnecompdihfier ent .
These -Y2-X2-13- and -Y4- X3-Y5- groups include divalent or 20

mul tivdl enteprosentednby kbeefpenufpomlihi elet Wy edrestr@ss amald been

rel eased. Exanples of divalent or nultival ent proton donors include
cat echol , Mgy haphthalendi hgmpoxyhapraee eeeted by the formula (14)
2, 3-di hydr oxynapht hal ene, 2,2'-diphenol, 1, |I' -bi-2-naphthol,
salicylic et dar2s culpdroryelenaght hovres adeding-higlr dtpm2- paphshence
acid, chloranilic acid, tannic acid, 2-hydroxybenzyl al cohol,

1, 2- cycl otxnkely onoigtprpr apanedtdbPn:and gl ycerol . Anong 28 these,
catechol, 1, 2-dihydroxynaphthal ene, and 2, 3-di hydroxynapht hal ene
are prefert®48]0060] Z1 in the fornula (9) represents an organic
group having 5 an aromatic ring or heterocyclic ring or an aliphatic
group. Exanples of such a group include aliphatic hydrocarbon groups,
such as a nethyl group, ethy ﬂﬁﬁb, propyl group, butyl group, hexyl
group, and octyl grge g@at i ¢ hydrocarbon groups, such as a phenyl
group, benzyl group ( group, and bipheryk)10 group; and
reacti ve substituentg, -3 as a gl yci dyl oxypropyl group,

mer capt opr opyl groyp,~am ndpropyl group, and vinyl group. Anobng

t hese, a nethyl JEQYP et hyl group, phenyl group, naphthyl group, and
bi phenyl group are preferred in view of thermal stability. 15[0061]
The adduct of the phosphoni um conpound and the silane conpound is
prepared as follows: Into a flask containing nethanol, a silane
Bompound S " phb iyl 837 et HORYSTT arfe, KA HPYAFBAE BFORAIPFVAPENE tO
proton donor suych as 20 2; 3-di hydroxynapht hal e are dissolved. Wth
Stirring (hEaEHO0 POR S SPEHIY SRpbRaI THES OF SOdiiGhoTT NS BRPT sents
met hanol solutjon is added dropw.se. met hanol sol ution of a

Lot ra subdt PGEF AR DGR AETRAF el Tord Grdpgroatonss ul répresents
t et raphenyl phaosphoni um br.om de i s added dr.opwi se to 25 pregipitate
crystals. afﬁé’ r4t A1 i urrecﬁtpﬁmt'ataélqd? dEparat 8L oGy If glft ﬁa}f)f’og,’ fad
washeﬂ.mﬁtﬂ”ﬂﬁ%fr, and is dried under vacuumto yield an adduct of
the p 3Sph ni compound 29 and a silane conmpound. Any ot her process
may al so be enployed in the

the curing accel eratom(
ranges fromoO.1 vvei
conposition. A curifhg ag

ensures satisfactory

o. ent invention. [0062] The anmpbunt of
ed' Bn the 5 present invention preferably
weight % in the overall epoxy resin

D
ot C

ator (D) content Wit fitn this range
dbgrity and high flowability. [0063]

(R1),

wherein R1l's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; and b is an
integer of 0 to 5.

20 [0040]



10The sil ane coupling agent (E) used in the present invention reacts
with both the epoxy resin and the inorganic filler and enhances the
interfacial strength therebetween. Nonlimting exanples of such
silane coupling agents include epoxysilane, am nosil ane,

urei dosi |l ane, and nercaptosilane. 15 An aromatic conpound (F) having
at | east two hydroxyl groups conmbined wig h each of adjacent carbon
atons conprising the aromatic ring , which will be described bel ow,
reduces the vrscosrty ahd i nproves flowability of the epoxy resin
conpositi on by tH& 33081& REPRATH Fﬁélélrsl'ah@lﬁﬁtﬁﬂ Rg C&YeRC TS
(B). In other wor ds, the silan cou li.ng ent %ﬁenhances t he
function offtHRe fRFRY F@Sd-é‘n-bé % W ehdp E§S | BRVORL L pR, are not

epoxysi |l ane i ncl ude ci do pro l'triethoxysilane, 2

y- egCIdox&bwéﬁﬁptrlﬁﬁgh%ﬁﬁgPié gg P eno? g51ns can %e prepared by
y-gl yci doxypr op Ineth |.di met_hoxysi | ane,

4- epoxycych 8?%9?“@? &PprPﬁe?ﬁé?9§§raﬁedeg%§ﬁﬁP &ngk theg coppound (G)

am nosi | ane i nclude y- an]n&ﬁ@ {%trretho

y- ami ndbr op§PEPPREERGXYRY | B0 far et g1 e presence of acid
-y-aninoprggﬁﬁhrrnethoxysrlane

N- P- (anmi no ¥YS¥Sami nopr opy! net hyl di net hoxysi | ane, 5

N- phenyl - propyl triethoxysil ane,

N- phenyl - ylg ipropyltrinethoxysilane

N- B- (am noet hyl ) - y-am nopr op Itr| oxy l.ane, N-6- am_nohexyl -
3-ani nopropyl tri I 1% ffén ENFi REEH SFPYFBF&ﬁVIWaY

-1, 3-b d h 10 Ex ft d I I
v-ur i dopr BBy FLFFBFRORDS 30 e q?%a%m&%rﬁfeﬁh‘“ o B legesin.
cl

h d I h I Th
Si1 anolGouBhT R ailgett‘% é’ﬁc%”@%éaﬁtﬁﬁé%%y a%f Lr%“"fw"ée?rﬁ. ndt, sssolved
15[ 0064 tent _of th I I d
the pre]sentn. ADeRErSRS STPHoEg s %rﬁ'g@ 59 @Iﬁﬁraﬁ’% 4vrt+@ﬁ€r@/é 5
1 wei ght % H? refer QIX 0. Q§ wel %) W %r
preferably b wei g(ht %10 0. %hweD geh Q% t'I:"re 0 era I %é’ Or"égr

A sil I E hj hi

cnsur os. sdfi e %hr?tﬁr 5%35P§3§sﬁﬁ$”‘gaﬁaa)ﬁ.séﬁ9¢ PRSI T The Brdrc
resin conpositio the ffec{ @ the aro % npou

(B, "and | SRS TE R L aPer Y-Sl r8t dpahesTor RRbRr R gEg R Lo,
d d
dobi oefs dugpbochiobe ?gt%tét%ﬁt@tﬁ (80 IERNELIGSD A4 RO Sl e
cured epoxﬁeéﬁéhe ggnBQEEBEQQd 1§1 [Qgﬁﬁ%nt such ggetgﬁggﬁ%'%ﬁ gggﬁyl

conpound ( aving at [east two hydroxyl groups conbi ne

of ad acenisSBﬁPgﬂ @é@%econﬂﬁé $1% i, %Of’?ﬁ‘iggr%hngn&i'sleéj JdbHd e with

present inventioh decreases VI scosli t us I ncreases

f1owability,pl;!pg 9985¥er@ﬁenlﬁ8§BQ§&E'QQltTheTHEOEB vEnf OEEOFgggth
y be a nonocyclic conpound represented by the fornmula (15
by distillation to yield an intended epoxy resin (al).
20 [0042]

In the present_invention, any other epoxy resin may be
used in combination with the epoxy resin (al) represented by
the formula (1). Examples of such epoxy resins include
biphenyl epoxy resins, bisphenol epoxy resins, stilbene epoxy

26 resins, phenol novolak epoxy resins, cresol novolak epoxy

resins, triphenolmethane-type epoxy resins, phenol aralkyl

epoxy resins having phenylene skeletons, phenol aralkyl epoxy



OHR22-a.. R18 * P2IRtS—1R26—16—wherei n one—eof—Ri8—and-R22—-+represents—
a hydroxyl group and the other represents a hydrogen atom any
substituent including a hydroxyl group; and R19, R20, and R21 each
represent a hydrogen atom any substituent including a hydroxyl

group; or may be a pol ycyclic conpound represented by the formul a
(16): 15[0067] R23 R24 R28 R27 wherein one of R23 and R29
represents a hydroxyl group and the other represents a hydrogen atom
any substituent including a hydroxyl group; and R24, R25, R26, R27,
and R28 eathsieprb3eang gzpaeﬁydre@geﬁ Lemongny rsusthie ber(P ¢ neP &Y ng
a hydroxyl group. [0068] Exanples of the nonocyclic conpound _
repr esent eBe BN heai byhomadd fepd feipdencdmedhdine HhHRRY[ROFY R ine,
acid, 5 gallate esters, and derivatives thereof. Exanples of the

pol ycycl i ct EbapbuAdr i BEreéS8APER 1BY RO XYo@ (1614 ncl ude 1

2- di hydr oxynapht hal ene, 2, 3-di hydroxynapht hal ene, and derivatives

t her eof . A%%ﬁ—ﬂgc3&ﬁ@@é@'—aééﬁﬁ@uﬁ@élﬁ&@ﬁn@hﬁm@lvie@i% 1RAdoxy | Igr oups on
their aromatic rings are preferred 10 in view of flowability and
controld of CRuP {AGrat honi ew FPIATHICR AgSprscass ahevmmietiting is
preferably a naphthalene ring, whichis lowmy volatile and stable for
wei ghi ng. EXepd? eslenstier sefuarindussspoanaaPErlpavioRg At AdphtRiPened
ring include 1, 2-dihydroxynaphthal ene, 2, 3-di hydroxynapht hal ene 15
and deri vat?dest hherupfentThedle 1oifatli® UddipAM S PR smapdBamysagions

al one or in conbination. | . )
and chleorine anicns be as low as possible. In view of

curability, the epoxy equivalent is preferably in the range
10 of 100 g/eq‘to 500 g/eq.

If any other epoxy resin is used in combination, the
proportion of the epoxy resin (al) te the overall epoxy resin
is preferably 10 weight % or more, more preferably 30 weight %
or more, and most preferably 50 weight % or more, in order to

15 achieve high flame resistance.
[0043]

The resin composition according to the present invention
contains a phenolic compound (B) containing two or more
phenolic hydroxyl groups, as a curing agent. This phenolic

20 compound (B} ensures high flame resistance and moisture
resistance, excellent electrical characteristics, curability,
and preservation stability. The phenolic compound (B} may be
a monomer, oligomer, or polymer having two or more phenolic
hydroxyl groups in the molecule. The molecular weight and

256 structure of the phenolic compound (B) are not limited.

Examples of the phenolic compound (B) include phenol novolak

resins, cresol novolak resins, triphenclmethane-type phenol



6669t— The ar effat-re—eoHpotHa—{)—CoRireRimmiiminl OOttt ON,

resin conposition is in the range of preferably 0.01 weight %20 to 1
wei ght % nore preferably 0.03 weight %to 0.8 weight % and nost
preferably 0.05 weight %to 0.5 weight % An aromatic conpound (F)
content within this range leads to sufficiently |ow viscosity and
high flowability of the epoxy resin conpgsition by the synergy effect
with the silane coupling 25 agent (E). An aronatic conpound (F)
content within this range also | eads to satisfactory curing of the
epoxy resi gesdmsositeirmen@mosidalddemhprykivasipioperties of the
cured 33 conposition. [0070] The epoxy resin conposition for
sem conductiér yeherpailagiiicns -roshitiian e hergs vohponesnsl (Ayalsyl
(F), may 5 further contain any additive, for exanple, natural waxes,
such as carpadbs Wayingymhestilensess]l/ alidhiphepol §eg hykehetoas; nol d
| ubricants, such as higher fatty acids and netal salts thereof, e.qg.
steari c achdpranfdoii acadkedr aeeingntapdmaf Phesyleolcorindg cagbirdensicme
as carbon bl ack and col cothar; |owstress 10 additives, such as
silicon® obfkslatdnsi | eodnbispbisecd; dompamdsc | Fhesrchangonndss oy &
bi snmut h oxi de hydrate; netal hydroxides, such as al um ni um hydroxi de
and magneshkaafhpdeori ¢¢; iangotibame tricrar ddm ¥ iesuclf & rabid ot ate)e
zinc nol ybdat e, and phosphazene, if necessary. 15[00711 It is
preferred bHEroElé epekyatrestidmsosprponntors parifesnddot én the range
encapsul ation of the present invention have a noi sture absorption
rate of 0.2F *6i gHedPed 1269s ddieen t he conposition is hum dified at
85C and 85% R H. for 168 hours. 20 A noisture absorption rate within
this rangelB8A4suppress stress caused by vaporization of noisture
during a soldering step in a surface nounting process. This prevents
del . anithat i on i FaHe =M CondiRt BRedeyicecanbohbie $Pecrhpreal peat
the interface between the sem conductor elenent, |ead franme, 25 and

i nner | ead 8RYCERBLEEr BY EPSX Y ATE8I P conposiThildn PheaSdiiG mPIRP HIGh
reliability in sem conductor device. Such the noisture absorption
rate of 0.22PWBFGRESSh BY 8Ss LRSI el 530D MFosy tRATG St ARy Sr PR ¥Y

P
Q
1
i

at 85C and 85% R H._for 168 hours can be ensured by nodifying the _ .
conbi nat i oATARBST or I TR DN S theE BRBE! T ey (FORAE I kg 5%@@0@8“0110
conpound (B) cont ai ni two or, nore phenolic h q%f I. groups,
Corgant ¢ FPRPSRnECHHgbthe Biaing cate Oriatom s A i B |
coupl i agent gg%,,the aronﬁtic conmpound &F%,hgvin at | east two
hydr OX{Q/E’Q gPDOPYCESHBIENed 9 Lt 2BEH D QX0 aEBAE 2 Lot Bk TQGHfEE Lon costs.
conprising, the aromati,c ri and ot her .additiyes. Such _conbi nation
o T or mi At FoRct PobechebRbrRBa PrnaBiLel M CXARPEESN Y RoTE 1LY End
particular, the selection of the epoxy resin ( nd.the phenaoli.c
Porpound (88t EFAFhG 1P tSPBRGPE sterdlc. hyUPOATE EgPouss Sind wohe
proportion_pf t inorgani¢c filler (C), a inmportant. The lower limt
bt °Phe. moi 506r P EBEOT L EaR Par 8 FHRSS 55d Cohpl (f SH L nid a 17 LedEe
85C and 85% R H. for 168 hours | ot limted, but is preferably
010 wei grttoost hEvelBitesiet e dlis b ke bt i rore i h
viem1o§ COEpﬁggPility of flowability. [0072] The epoxy resin
conp05|Qio Oof “sem conduct or 20 encapsul ati on of the present
i nvention may be preggied by homogidneously m@iing the conponents (A)
to (F) and any other hdditive at rloomtengperafjure in a m xer, or nmay
be kneadi ng the hongy ous nij?u y hot er's, a kneader, or an
extruder, then olfing dnd pullvlri zthg re,, The conaggbtion
may 25 be prepared fo ve ge iyabé% i k| |t§{and flo lity.
[0073] Using the epo esinzqo or~s€ni conduct or

wherein R3's each represent a hydrocarbon group having 1 to

4 carbon atoms and may be the same or different; d is an integer

of 0 to 2; and the average of k is in the range of 0 to 8.



-35—encapsul-ati ori, a semeenductor devi ce may—be—produeee—hy—thRe—— e

foll owi ng process, for exanple. A lead frame on which a sem conductor
elenment is nounted is placed in a nold cavity. The epoxy resin
conposition for sem conductor encapsul ation 5is supplied to the nold
by transfer nol ding, conpression nolding, or injection nolding and is
cured in the nold. [0074] In thexpresent invention, a w de
vari ety of sem conductor devices can be encapsul ated usi ng the epoxy
resin composition, 10 Exanples of such sem conductor devices include
integratedl@Pdéldits, large scale integrated circuits, transistors,
thyristors, diodes, and solid-state imge sensing devices.

Exanpl es of pack&re RIFoRdet @i o i iPdrengaviicc € ompoigl prepga@sented by
invention include, but not limted to, dual inline 15 packages

(DI Ps), plabei Eormaded(8hi pscaelikimi (@l Gy Prfrrddhy Packiges % or
(QFPs), small outline packages (SOPs), small outline J-lead packages
(S0J5), thiprerandreutlsicr PakkafesetTBOPS P BALA . qad Mfdsh ppadleages Y
(TQFPs), tape carrier -packages (TCPs), ball grid arrays (BGAs), and
chip siZe 20peckdyed QXC8PsE.to the totkheanenntonidbbearhefew]l e compiosinds
is encapsul ated by, for exanple, transfer nolding, nmay be nounted on
any el ect r éBi c iappadgrud onienisore Fedtl sadunrorredatelvpostardri ng at
about 80C to about 200C for 10 m nutes to 10 hours. 25[0075]

Fig. 1 is aredgssigdéti-onal view of a semiconductor device using an
epoxy resin conposition according to an enbodi nent 36 of the present
i nvention. [A04dki conductor elenent 1 is fixed on a die pad 3 with a
cured die bond 2. The el ectrode pads of the semiconductor elenment 1
and | ead franes BrardaQorieeE il ol & wivsesl 4n The pagisesiddaigntion
element 1 is encapsulated 5 with a cured resin conposition 6.
EXAVPLES [0B8Y6)e any commpe Hreset it fiddtGions®il fohsw e gesersbéd ong
detail byway of Exanples, but should not be limted to these, ,
exanpl es. 10%| AeBiSRPPBS L OEhETERESH AItdRTof EXERPEERpOHefhtej dnorganic
represented by "parts by weight." EXAMPLE 1 Epoxy resin 1: )
RepresenteﬁlﬁgefhgzkaﬁﬁPSetg e 5d 1pGpatRe pfcal silica, crystalline
glycidyl -etherificati on of a ,phenol resin 15 prepared by , |

co- condens@t t 6f2of 2pHBABR, Firn&CdeRydé 9nd 22 mel gy nEp Mt ¢tfe, In
with epichloroQ{gri : Ep%éy equival ent; 251, softening point: 58C,
and m n=1/4*FK TH& t(@?j‘%i? RAB5 puf 155 A5y Ot YRt TOIPEHG S 11 LR
OCH30 15 (C) is preferably in the range ¢f 0.01 pm to 150 pym. The content

of the inorganic filler (C) to the overall epoxy resin
composition ranges from preferably 80 weight % to 92 weight %,
more preferably 82 weight % to 91 weight %, and most preferably
84 weight % to 30 weight %. An inorganic filler content within -
20 this range can prevent moisture absorption of the epoxy resin
composition, and can ensure high mechanical strength and thus
high soldering crack resistance. Within such a range of the
inorganic filler content, the epoxy resin composition has
satisfactory flowability and thus satisfactory moldability.
25 [0048]
The curing accelerator (D) in the present invention is

used to facilitate the reaction of the epoxy groups in the epoxy



[1? 37 (5), softening point: 80C, hydroxyl group equivalent: 104):
3.75 parts by wei ght Fused spherical silica (average dianmeter: 30
pm: 86.00 parts by weight 5Curing accelerator 1. triphenyl phosphi ne:
0.20 parts by weight Silane coupling agent 1:

y- gl yci doxypropyl tri met hoxysilane: 0.30 parts by weight 2,

3- Di hydr oxynapht hal e: 0.20 parts by weight 10Car nauba wax: 0.20 parts
by wei ght Carbon bl ack: 0.30 parts by wei ght These conpounds
were mxed in a mxer at normal tenperature, and were kneaded through
hot rollerseaingoith opowlig hedrsaiydggesgprede fiHee mbenpld Gugempound.
pul verized to prepare an 15 epoxy resin conposition. The resulting
epoxy resi ANEoMpPost Y AT adds adpd] baedd mESBI@INGPPBY thRs FoFPBRPEG t 1ons
items. Table 1 shows the results. [0078] Spiral flow Using a

| ow pr essufertgeimse P dwel oF 9§ C2P S il PREMaKiSePr-ecEXRBRLRECHE gelch
Co., Ltd., KTS-15), an epoxy resin conposition was injected into a
mol d for m"easaﬂgn@cg%h‘:aqitw@wna*clc&ﬂjgﬁ@mew-cpm@W compounds,
conditions of a tenperature of 175C, an injection pressure of 6.9
MPa, antl aSPFEBs3@r & rgppliicc RhiogRNiings - oft eX2( watuiidist 4 e drefses Rh@ pium
flow length (cm. 25 The spiral flowis an indicator of flowability
and a | ar gePmparpesr gpr e ze ta ey f2ddabEFi 0§. Phoepbjineggand

Moi sture absorption rate: Using a | owpressure transfer nolding

machi ne (KBWLBRPSPr ed§i @A ANEERI RE ©FCSPNCR L UNKTREHUNGH HPOXFL F2BE N
conposi tion was injected under condit.ions of a tenperature of 175C,
an injecti 6AMpPEEEEreadd NiArREEN-&RH IS iR 1A i TR RS DFSUSD d'conds
to forma test piece having a diameter of 50 mm and a thickness of 3
nm The test8pféaéaRasyRdrilar i 8d wrdssenand. &snay 4 ingtd wiandne, and
hum dity) for 168 hours. The noi sture absorption rate (weight % was
det er n%%edz P8R HA I PAERERLE i ”PRRR ghEP B ShuRTEPPREZNISR O PTRILHFamL

Fl ame resistance: Using a | ow pressure transfer noldi ng rmachine

(Koht aki PFeRPSHBASMACK: RESESTIefr d. Te kT3 SuPstdfuésex Phrsoipnium
conposition was injected into a nold under conditions, of a i
t enper at ur °BPOYRER, A LHMP AR RAGIGT [Fh B HP I ot oWyl L iy g the resin
injection tine of 15 seconds, ang a curiggu%i of 120 seconds to

forma testPRBREIGEOT27 Min'ByYI9E 7 HhTBS R RSCu TR SRAdY Tesin

D CRouscPeReGF . Elnboa| BAEELET SLARSEORBTLARAPANk AR, Baf 204RCL,
res!st ce re_shomm in Tables,1 to,3. 20[0081 Solgering
resi st dhce®l LRPRGPAPEWFBIESRTFE #PAndFEPOREI GPRECHACR ARERrRERLTed.

(FOnat ok e Rl SULERD SHRR R LAY,
under Condégéogflggeacompounds are preferred.
[0049]
Examples of organic phosphines usable in the present
20 invention include primary phosphines, such as ethylphosphine
and phenylphosphine; secondary phosphines, such as
dimethylphosphine and diphenylphosphine; and tertiary
phosphines, such as trimethylphosphine, triethylphosphine,
tributylphosphine, and triphenylphosphine.
25 [0050]

The tetra-substituted phosphonium compounds usable in

the present invention are represented by the formula (6):



25 tenperature of 180C, an injection pressure of 7.4 MPa, and a
curing time of 120 seconds to forman 80-pin quad flat package
(80pQFP: l ead frane is cupper, package size is 14mm by 20 mm 39 by
2.00 mmthick, the chip and bonding pads of a circuit board are
bonded with gold wires with a dianmeter of 25 pm. After six packages
were postcured at 175C for 4 hours and #Fum dified at 85C and 60% R H
for 168 hours, these were subjected to 5 an IR refl ow treat nent
(260C, JEDEC, Level 2). The internal del am nation and cracks of the
treated pa&@%@%k wer e observed with a scanning acoustic tonography to
count the nunber (represented by "n"/6 in Tables 1 to 3) of defective
packages. [0082] 10EXRMPLES 4§+ o0 18 and COVPARATI VE EXAMPLES 1 to 5
Epoxy resin conpositidns werg produced as_.in EXAMPLE 1 according to
formul ati ons sh in Tabuﬁ? 1 )2 and| 3, &nd eval uated,as in EXAMPLE
1. The results Sh&wn itm/ Tabllés |1 A Fhd 3. 15Conpo¥¥nts newly
used in these exanpleq are ag foll X Epoxy resin 2:
Repr esent ed by e forpula (1%) and prepared by
glycidyl -etherification of a phenol resin prepared by co-condensation
of phenol, fornal dehyde, and 2-n§%E§x napht hal ene, wth

&P

epi chl or oYRRFHIN Epb&RY L6848 ¥ PIHF a§8ﬁ‘fe$'|‘?ndq5poﬁﬁt -andR7 gagh
mn=1/9 in the forml a (1%% Epoxy resin 3. Represented by the
formul a (175PERYCDHF epar®d by TgPyEvdyPratRer? 11T of af feidl of an
resin prepared b co-condensatiog of. phenol, formal dehyde, and 25
2- met héxy i dat enRT R ERCepFEAI BRSAPEr B, LEAS)Y CoGuitv RGNty g roup
sof t eni ng ant: Sg, and mn=3/7 in the tornu%a (17 40 0083]
Epoxy resi 4 e &PrbEht ERSp§ PHR £OPRUIPLPT8S fadd Y Fae By P, ~2
glycidyl-etherification of _a pheFEL resin Ere ar d5h ) inae AH
So- condensatT BBl BHER! , 2FEr e BeAyd8T CARd Rethy! SBRERH. S i %e,
wi th epichl orohydrin._ Epoxy equival ent: 196, softening pqint: 54C,
and il ne1/ ERAETREHT G TP ROTB) © OF SR ECifchg s ot least ong
functional group selected from the group consisting of a
10 hydroxyl group, a carboxyl group, and a thiol group in the
aromatic ring; x and y each represent an integer of 1 to 3;
z represents an integer of 0 to 3; and =x=y;
[0052]
The tetra-substituted phosphonium compound represented
15 by the formula (6} can be prepared, for example, as follows:
A tetra-substituted phosphonium halide, an aromatic organic
acid, and a base are dissolved in an organic solvent to generate
anions of the aromatic.organic acid in the solution. Water
is added to the sclution to precipitate a compound represented
20 by the formula {6). Preferably, R4, R5, R6, and R7 linked to
the phosphorus atom is phenyl groups, AH is a compound having
a hydroxyl group in the aromatic ring, i.e. a phenol compound,

and A is an anion of the phenol compound, in the compound

represented by the formula (6).
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[0053]

The phosphobetaine compounds usable in the present

invention are represented by the feormula (7):

(X1 _
P~
\(j 7
3

(Y1)f

wherein X1 represents an alkyl group having 1 to 3 carbon atoms;

Yl represents a hydroxyl group; and e and f represents an

integer of 0 to 3;

[0054]

The phosphobetaine compound represented by the formula

10 {7) can be prepared by, for example, to contact between a

triarylphosphine (tertiary phosphine) and a diazonium ,and to

exchange the diazonium group of the diazonium salt for the

tertiary phosphine. Any other process may also be available.

[0055]

15 Adducts of a phosphine compound and a gquinone compound

usable in the present invention are represented by the formula
(8):

RS o
RO L* R11
l O (8)
R10 Ri3 R12

OH

wherein P represents a phosphorus atom; R8, R9, and R10



n

[ 0084] 10Epoxy resin 5: Phenol type aral kyl epoxy

resin having a phenyl ene skel eton (prepared by co-condensati on of
phenol aral kyl resi nhavi nga phenyl eneskel et onwi t hepi chl or ohydri n
Epoxy equival ent: 238, softening point: 60C

10

15

20

25

25

represent alkyl groups each having 1 to 12 carbon atoms or aryl
groups each having 6 to 12 carbon atoms and may be the same
or different; R11, R12, and R13 represent hydrogen atoms or
hydrocarbon groups each having 1 to 12 carbon atoms and may
be the same or different wherein Ril and R12 may be mutually
linked to form a cyclic structure.

f0056]

Examples of the preferred phosphine compounds used for
preparation of the adducts include triphenylphosphine,
tris({alkylphenyl)phosphine, tris({alkoxyphenyl)phosphine,
trinaphthylphosphine, and tris(benzyl)phosphine. These
phosphine compounds may have any substituent such as alkyl and
alkoxy groups. The alkyl and alkoxy groups preferably have
1 to &6 carbon atoms. Triphenylphosphine is preferred because
it is readily available.

Examples of quinone compounds used for preparation of
the adducts include o-benzoquinone, p-benzoquinone, and
anthraquinones. &amongthese, p-benzogquinone, exhibitinghigh
preservation stability, is preferred.

The adduct of the phosphine compound and the quinone
compound can be prepared by mixing an organic tertiary
phosphine and a benzoquinone in a good solvent. Solvents
exhibiting low dissolving power for the adduct are preferfed.
Examples of such solvents include ketones, i.e., acetone and
methyl ethyl ketone. Any other soclvent may also be used.

Adduct of 1,4-benzoquinone and triphenylphosphine is

preferred because this adduct decreases the modulus when the



Epoxy resin 6: 0-cresol novol ak epoxy resin N660 (made 15 by
Dai ni ppon I nk and Chem cal s, Incorporated. Epoxy equivalent: 196,

softeni ng point: 620 Epoxy resin 7: Triphenol net hane-type
epoxy resin E-1032H60 (nade by Japan Epoxy Resins Co. Ltd. Epoxy
equi val ent: 169, softening point: 58C) 41 Phenol resin 2:

Phenol aral kyl resin XLC-4L having a phefayl ene skel eton (nade by

M tsui Chem cals, Inc. Hydroxyl group equivalent: 165, softening

poi nt: 65C) Phenol resin 3. Triphenol net hane-type phenol resin 5
MEH7500 ( nBdESByeREF YW PLASHRRANDUSTR ES, hegbedhy df BxEt L ysidrct . RS,
equi valent: 97, softening point: 110C) Curing accel erator 2:

1, 8- Di azabR8yA@AnS B14 ans RbeREAI 7o YRD8sPd1Rcr RAg - dr@Resaa k¢ hydrogen
Represented by the formula (19): [ 0086] Curing accel erator 4:

Repr esent edt®Pst ke £HPmiCE™MUA@) :(8) - OH 15[ 0087] Silane coupling agent
2: y-nmercaptopropyl trimethoxysilane 1, 2- D hydr oxynapht hal ene Cat echol
20Pyr ogal | bPOFMse] [ Tabl e 1]

5 The adduct of the phosphonium compound and a silane
compound usable in the present invention is represented by the

formula (9):

B} ve . - T _
R14———ril>—R16 /Yz-—/Si\——Yzl\ (©)
R17 XQ____YS \;5""’}{3

wherein P represents a phosphorus atom; Si represents a silicon

10 atom; R14, R15, R16, and R17 represent organic groups each
having an aromatic or heterocyclic ring or aliphatic groups
and may be the same or different; X2 represents an organic group
linked with both groups Y2 and Y3; X3 represents an organic
group linked with both groups Y4 and ¥Y5; Y2 and ¥3 each represent

156 a proton donor meiety from which two protons are lost, and are
linked with the silicon atom to form a chelate structure; Y4
and Y5 each represent a proton donor moiety from which two
protons are lost, and are linked with the silicon atom to form
a chelate structure; X2 and X3 may be the same or different;

20 Y2, Y3, Y4, and Y5 are the same or different; and Z1 represents
an organic group having an aromatic ring or heterocyclic ring
or an aliphatic group.

[0058]



EXAMPLES 1 2 3456 7 8 9 Epoxy resin 1 9.05 4.50 8.50 9.05 9.05
9.05 Epoxy resin 2 8.65

10

15

20

25

27

Examples of Ri14, R15, R16, and R17 in the formula (9)
include unsubstituted or substituted aromatic groups, such as
a phenyl group, methylphenyl group, methoxyphenyl group,
hydroxyphenyl group, naphthyl group, hydroxynaphthyl group,
benzylgroup,methylgroup,ethylgroup,n—butylgroub,n—octyl
group, and cyclohexyl group. Among these, a phenyl group,
methylphenyl group, methoxyphenyl group, hydroxyphenyl group,
and hydroxynaphthyl group are preferred.

[0059)

In the formula (9), X2 represents an organic group linked
with both Y2 and Y3, and X3 represents an organic group linked
with both Y4 and Y5. Y2 and Y3 each represent a proton donor
moiety from which two protons are lost, and are linked with
the silicon atom to form a chelate structure. Similarly, Y4
and Y5> each represent a proton donor moiety from which two
protons are lost, and are linked with the silicon atom to form
a chelate structure. X2 and X3 may be the Same or different,
and Y2, Y3, Y4, and ¥5 may be the same or different. These
~Y2-X2-¥3- and -Y4-X3-Y5- groups include divalent or
multivalent proton donor moieties from which two protons had
been released. Examples of divalent or multivalent proton
donors include catechol, pyrogallocl,

1, 2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene,
2,2'-diphencl, 1,1’-bi-2-naphthol, salicylic acid,
l-hydroxy-2-naphthoic acid, 3-hydroxy-2-naphthoic acid,
chloranilic acid, tannic acid, 2-hydroxybenzyl alcohol,

1,2-cyclohexanediol, 1,2-propanediol, and glycercl. Among
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these, catechol, 1,2-dihydroxynaphthalene, and
2,3-dihydroxynaphthalene are preferred.
(0060}

21 in the formula (9) represents an organic group having
an aromatic ring or heterocyclic ring or an aliphatic group.
Examples of such a group include aliphatic hydrocarbon groups,
such as a methyl group, ethyl group, propyl group, butyl group,
hexyl group, and octyl group; aromatic hydrocarxbon groups, such
as a phenyl group, benzyl group, naphthyl group, and biphenyl
group; and reactive substituents, such as a glycidyloxypropyl
group, mercaptopropyl group, aminopropyl group, and vinyl
group. Among these, amethyl group, ethyl group, phenyl group,
naphthyl group, and biphenyl group are preferred in view of
thermal stability.

[0061]

The adduct of the phosphonium compound and the silane
compound is prepared as follows: Into a flask containing
methanol, a silane compound such as phenyltrimethoxysilane,
a divalent or multivalent proton donor such as
2,3-dihydroxynaphthalene are dissolved. With stirring the
solution at room temperature, a sodium methoxide in methanol
solution is added dropwise. A methanol solution of a
tetra-substituted phosphonium halide, for example,
tetraphenylphosphonium bromide is added dropwise to
precipitate crystals. The crystalline precipitate is
separated by filtration, is washed with water, and is dried

under vacuum to yield an adduct of the phosphonium compound
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and a silane compound. Any other process may also be employed
in the present invention.
[0062]

The amount of the curing accelerator (D) used in the
present invention preferably ranges from 0.1 weight % to 1
weight % in the overall epoxy resin composition. A curing
accelerator (D) content within this range ensures satisfactory
curabirity and high flowability.

{0063]

The silane coupling agent (E) used in the present
invention reacts with both the epoxy resin and the inorganic
filler and enhances the interfacial strength therebetween.
Nonlimiting examples of such silane coupling agents include
epoxysilane, aminosilane, ureidosilane, and mercaptosilane.
An aromatic compound (F) having at least two hydroxyl groups
combined with each of adjacent carbon atoms comprising the
aromatic ring
, which will be described below, reduces the viscosity and
improves flowability of the epoxy resin composition by the
synergy effect with the silane coupling agent (E). 1In other
words, the silane coupling agent (E} enhances the function of
the aromatic compound (F}.

Examples of the epoxysilane include
v-glycidoxypropyltriethoxysilane,
v-glycidoxypropyltrimethoxysilane,
v-glycidoxyprepylmethyldimethoxysilane, and

R-{3,d-epoxycyclohexyl)ethyltrimethoxysilane. Examples of
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the aminosilane include y-amincpropyltriethoxysilane,
y-aminopropyltrimethoxysilane,
N-f-{aminoethyl)-y-aminopropyltrimethoxysilane,
N-B-(aminoethyl)-y—-aminopropylmethyldimethoxysilane,
N-phenyl-y~aminopropyltriethoxysilane,
N-phenyl-y~aminopropyltrimethoxysilane,
N-f-(aminoethyl)-y-aminopropyltriethoxysilane,
N-6-(aminohexyl}-3~aminopropyltrimethoxysilane, and
N-(3-(trimethoxysilylpropyl)-1,3~benzenedimethanane.
Examples of the ureidosilane include
y-ureidopropyltriethoxysilane and hexamethyldisilazane.
Examples of the mercapteocsilane include
y-mercaptopropyltrimethoxysilane. These silane coupling
agents (E) may be used alone or in combination.

[0064]

The content of the silane coupling agent (E) used in the
present invention is in the ranges of preferably 0.01 weight %
to 1 weight %, more preferably 0.05 weight % to 0.8B welght %,
and most preferably 0.1 weight % to 0.6 weight % in the overall
epoxy resin composition. A silane coupling agent (E) content
within this range ensures sufficiently low viscosity and high
flowapbility of the epoxy resin compositién by the synergy
effect with the aromatic compound (F), and leads to high
solderingcrackresistancecxfsemiconductordeficesdue113high
interfacial strength between the epoxy resin and the inorganic
filler and due to low moisture absorption of the cured epoxy

resin composition.
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[0065]

The aromatic compound (F) having at least two hydroxyl
groups combined with each of adjacent carbon atoms comprising
the aromatic ring used in the present invention decreases the

5 wviscosity and thus increases flowability of the epoxy resin
composition. The aromatic compound (F) may be a monocyclic
compound represented by the formula (15):

[0066]

OH
R22 R18

R21 R19
R20

10 wherein one of R18 and R22 represents a hydroxyl group and the
other represents a hydrogen atom, any substituent including
a hydroxyl group; gnd R19, R20, and R21 each represent a
hydrogen atom, any substituent including a hydroxyl group; or

may be a polycyclic compound represented by the formula (16):

15 [0067]
R23 R24
HO Rz25
(18)
R29 R26
Reg R27

wherein one of R23 and R29 represents a hydroxyl group and the
other represents a hydrogen atom, any substituent including

a hydroxyl greoup; and R24, R25, R2%, R27, and R28 each represent
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a hydrogen atom, any substituent including a hydroxyl group.
(0068]

Examples of the monocyclic compound represented by the
formula (15} include catechol, pyrogallol, gallic acid,
gallate esters, and derivatives thereof. Examples of the
polycyclic compound represented by the formula (16) include
1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, and
derivatives thereof. BAmong these, compounds having two
vicinal hydroxyl groups on their aromatic rings are preferred
in view of flowability and control of curing. 1In view of a
mixing process, the aromatic ring is preferably a naphthalene
ring, which is lowly volatile and stable for weighing.
Examples of the aromatic compound (F) having a naphthalene ring
include 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene
and derivatives therecf. These aromatic compounds (F) may be
used alone or in combination.

[0069]

The arcmatic compound (F) content in the overall epoxy
resin composition is in the range of preferably 0.01 weight %
to 1 weight %, more preferably 0.03 weight % to 0.8 weight %,
and most preferably 0.05 weight % to 0.5 weight %. An aromatic
compound (F) content within this range leads to sufficiently
low viscosity and high flowability of the epoxy resin
composition by the synergy effect with the silane coupling
agent (E}. An aromatic compound (F)} content within this range
also leads to satisfactory curing of the epoxy resin

composition and excellent physical properties of the cured

At-—2-——- . 2, 3-Dihydroxynaphthalene 0.2 Q.2 . .



0.2 0.2 0.2 Carbon black 0.3 0.3 0.3 0.3 0.30.30.30.30.3 Spiral
flow (cm 138 151 125 130 130 130 133 148 135 Moi stureabsorptionrate

(wei ght

10

15

20

25

% 0.18 0.19 0.17

33

composition.
[0070]

The epoxy resin composition for semiconductor
encapsulation, containing primary components (A) to (F), may
further contain any additive, for example, natural waxes, such
as carnauba wax; synthetic waxes, such as polyethylene wax;
mold lubricants, such as higher fatty acids and metal salts
thereof, e.g. stearic acld and zinc stearate, and paraffins;
coloring agents, such as carbon black and colcothar; low-stress
additives, such as silicone o0ils and silicone rubbers;
inorganic ion-exXchangers, such as bismuth oxide hydrate; metal
hydroxides, such as aluminium hydroxide and magnesium
hydroxide; and flame retardants, such as zinc borate, zinc
molybdate, and phosphazene, if necessary.

[0071]

It is preferred that the epoxy resin composition for
semiconductor encapsulation of the present invention have a
moisture absorption rate of 0.22 weight % or less when the
composition is humidified at 85°C and 85% R.H. for 168 hours.
A moisture absorption rate within this range can suppress
stress caused by vaporization of moisture during a soldering
step in a surface mounting process. This prevents
delamination in the semiconductor device and more specifically
at the interface between the semiconductor element, lead frame,
and inner lead and the cured epoxy resin composition, resulting
in high reliability in semiconductor device. Such the

moisture absorption rate of 0.22 weight % or less when the
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composition is humidified at 85°C and 85% R.H. for 168 hours

can be ensured by modifying the combination and formulation

of the epoxy resin (A), the phenclic compound (B) containing

two or more phenolic hydroxyl groups, inorganic filler {(C),

5 the curing accelerator (D), the silane coupling agent (E), the

arcmatic compound (F} having at least two hydroxyl groups

combined with each of adjacent carbon atoms comprising the

aromatic ring, and other additives. Such combination and

formulation will be described in detail in EXAMPLES. 1In

10 particular, the selection of the epoxy resin (A) and the

phenolic compound (B) containing two or mere phenolic hydroxyl

groups and the proportion of the inorganic filler (C} are

important. The lower limit of the moisture absorption rate

when the composition is humidified at 85°C and 85% R.H.

for

15 168 hours is not limited, but is preferably 0.10 weight % or

o

more and more preferably 0.15 weight % or more, in view of

compatibility of flowability.

[0072]

The epoxy resin composition for semiconductor

20 encapsulation of the present invention may be prepared by

homogeneously mixing the components (A) to (F) and any other

additive at room temperature in a mixer, or may be kneading

the homogenous mixture by hot rollers, a kneader, or an extruder,

then cooling and pulverizing the mixture. The composition may

25 be prepared to have desirable dispersibility and flowability.

{0073]

Using the epoxy resin composition for semiconductor
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encapsulation, a semiconductor device may be produced by the
following process, for example. A lead frame on which a
semiconductor element is mounted is placed in a mold cavity.
The epoxy resin composition for semiconductor encapsulation
is supplied to the mold by transfer molding, compression
molding, or injection molding and is cured in the mold.
[0074]

In the present invention, a wide variety of semiconductor
devices can be encapsulated using the epoxy resin compésition.
Examples of such semiconductor devices include infegrated
circuits, large scale integrated circuits, transistors,
thyristors, diocdes, and solid-state image sensing devices.

Examples of package of the semiconductor device in the
present invention_include, but not limited to, dual inline
packages (DIPs), plastic leaded chip carriers (PLCCs), quad

flat packages (QFPs), small outline packages {SOPs}), small
outline J-lead packages (S0Js), thin small outline packages

(T30Ps), thin quad flat packages {TQFPs), tape carrier

"packages (TCPs), ball grid arrays (BGAs), and chip size

packages (CSPs}.

The semiconductor device, which is encapsulated by, for
example, transfer molding, may be mounted on any electronic
apparatus without post curing or after post curing at about
80°C to about 200°C for 10 minutes to 10 hours.

[0075]
Fig. 1l is a cross~sectional view of a semiconductor device

using an epoxXxy resin composition according to an embodiment
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of the present invention. A semiconductor element 1 is fixed
on a die pad 3 with a cured die bond 2. The electrode pads
of the semiconductor element 1 and lead frames 5 are bonded
with gold wires 4. The semiconductor element 1 is encapsulated
5 with a cured resin composition 6.
EXAMPLES
[0076]
The present invention will now be described in detail
by way of Examples, but should not be limited to these examples.
10 1In examples, the proportion of each component is represented
by “parts by weight.”
EXAMPLE 1
Epoxy resin 1: Represented by the formula (17) and
prepared by glycidyl-etherification of a phenol resin
15 prepared by co-condensation of phenol, formaldehyde,
and 2-methoxynaphthalene, with epichlorohydrin. Epoxy
equivalent: 251, softening point: 58°C, and m/n=1/4 in

the formula (17)): 9.05 parts by weight

OCHaGHEH,
OCHg U

CH, @@ }m CH, (17)

n
20

[0077]
Phenol resin 1: Represented by the formula (5) (made by

Sumitomo Durez, PR-HF-3, d=0 and k=3.0 in the formula
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{5}, softening point: 80°C, hydroxyl group equivalent:

104} : 3.75 parts by weight

Fused spherical silica (average diameter: 30 umj): 86.00

parts by welght

Curing accelerator 1: triphenylphosphine: 0.20 parts by

weight

Silane coupling agent 1:

v-glycidoxypropyltrimethoxysilane:0.30 parts by weight

2,3-Dihydroxynaphthale: 0.20 parts by weight

Carnauba wax: 0.20 parts by weight

Carbon black: 0.30 parts by weight

These compounds were mixed in a mixer at normal
temperature, and were kneaded through hot rollers at 80 to 100°C.
After being cooled, the mixture was pulverized to prepare an
epoxy resin composition. The resulting epoxy resin
composition was evaluated according to the following items.
Table 1 shows fhe results.

[0078]

* Spiral flow: Using a low-pressure transfer molding
machine (Kohtaki Precision Machine Co., Ltd., KTS-15), an epoxy
resin composition was injected into amold for measuring spiral
flow according to EMMI-1-66 under conditions of a temperature
of 175°C, an injection pressure of 6.9 MPa, ana a pressure
application time of 120 seconds tomeasure the flow length (cm).
The spiral flow is an indicator of flowability and a larger
value represents higher flowability.

[0079]
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* Moisture absorptionrate: Usinga low-pressure transfer
molding machine (Kohtaki Precision Machine Co., Ltd., KTS5-30},
an epoxy resin composition was injected under conditions of
a temperature of 175°C, an injection pressure of 7.4 MPa, and

5 a curing time of 120 seconds to form a test piece having a
diameter of 50 mm and a thickness of 3 mm. The test piece was
humidified at 85°C and 85% R.H. (relative humidity) for 168
hours. The moisture absorption rate {weight %)} was determined
from an increase in weight by humidification.

10 [0080]

- Flame resistance: Using a low-pressure transfer molding
machine (Kohtaki Precision Machine Co., Ltd., KT5-30), an epoxy
resin composition was injected into a mold under conditions
of a temperature of 175°C, an injection pressure of 9.8 MPa,

15 an injection time of 15 seconds, and a curing time of 120 seconds
to form a test piece of 127 mm by 12.7 mm by 3.2 mm thick. This
test piece was subjected to flame resistance test according
to 2 standard of UL94 vertical combustion test. Fmax, TF, and
rank of flame resistance are shown in Tables 1 to 3.

20 [0081]

* Soldering resistance: Using a low-pressure transfer
molding machine GP-ELF (Kohtaki Precision Machine Co. Ltd.),
silicon chips (7 mm by 7 mm by 0,35 mm thick) were encapsulated
with an epoxy resin composition under conditions of a

25 temperature of 180°C, an injection pressure of 7.4 MPa, and
a curing time of 120 seconds to form an 80-pin quad flat package

{(B0pQFPF;lead frame is cupper , package size is 1l4mm by 20 mnm
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by 2.00 mm thick, the chip and bonding pads of a circuit board
are bonded with gold wires with a diameter of 25 pm). After
six packages were postcured at 175°C for 4 hours and humidified
at 85°C and 60% R.H. for 1€8 hours, these were subjected to
an IR reflow treatment (260°C, JEDEC, Level 2). The internal
delamination and cracks of the treated packages were observed
with a scanning acoustic tomography to count the number
(represented by “n”/6 in Tables 1 to 3) of defective packages.
(0082}

EXAMPLES 2 to 18 and COMPARATIVE EXAMPLES 1 to 5

Epoxy resin compositions were produced as in EXAMPLE 1
according to formulations shown in Tables 1 ,2 and 3, and
evaluated as in EXAMPLE 1. The results are shown in Tables
1l ,2 and 3.

Components newly used in these examples are as follows:

Epoxy resin 2: Represented by the formula (17) and
prepared by glycidyl-etherification of a phenol resin prepared
by co-~condensation of phenol, formaldehyde, and
2-methoxynaphthalene, with epichlorohydrin. Epoxy
equivalent: 220, softening point: 52°C, and m/n=1/9 in the
formula (17)

Epoxy resin 3: Represented by the formula (17) and
prepared by glycidyl-etherification of a phenol resin prepared
by co-condensation of phenol, formaldehyde, and
2-methoxynaphthalene with epichlorohydrin. Epoxy
eguivalent: 270, softening point: 63°C, and m/n=3/7 in the

formula (17)
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CHa

- [0083]

Epoxy resin 4;:

Represented by the formula

OCHB
_@ % (17

(18) and

prepared by glycidyl-etherification of a phenol resin prepared

5 by co-condensation of phenol, formaldehyde, and methyl phenyl

sulfide, with epichlorohydrin. Epoxy eguivalent: 196,
softening point: 54°C, and m/n=1/4 in the formula {(18)
OCH,GHGH,
SCH, 0

] ( (18)
CH

Phenol type aralkyl epoxy resin having

{prepared by co-condensation of phenol

aialkylresinhavingzaphenyleneskeletonwithepichlorohydrin.

Epoxy resin 6: O-crescol novolak epoxy resin N660

[0084]
10 EpoxXxy resin-5:
a phenylene skeleton
Epoxy equivalent: 238,
15

equivalent: 196,
Epoxy resin 7:
E-1032H60

eguivalent: 169,

by Dainippon Ink and Chemicals,

softening point:

{made by Japan Epoxy Resins Co.

softening point:

softening point: 60°C)
{made
Incorporated. Epoxy

62°C)

Triphenolmethane-type epoxy resin

Ltd. Epoxy

58°C}
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Phenol resin 2: Phenol aralkyl resin XLC~4L having a
phenylene skeleton (made by Mitsui Chemicals, Inc. Hydroxyl
group equivalent: 165, softening point: 65°9C)

Phencl resin 3: Triphenclmethane-type phenol resin

5 MEH7500 (made by MEIWA PLASTIC INDUSTRIES, LTD. Hydroxyl
group equivalent: 97, softening point: 110°C)
| Curing accelerator 2:

1,8-Piazabicyclo(5,4,0)undecene-7

[0085]
10 Curing accelerator 3: Represented by the formula (19):
+ -
[Ph4p]2 0 CH, ~oH| | Ho CH, —OH| (19)
1 - 1
[0086]

Curing accelerator 4: Represented by the formula (20):

0

+
Ph,P
(20)

OH

15 [0087]
Silane coupling agent 2:
y—mercaptobropyltrimethoxysilane
1,2-Dihydroxynaphthalene
Catechol
20 Pyrogallol

[0088]
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[Table 1]
EXAMPLES
1 2 3 4 5 6 7 8 9

Epoxy resin 1 9.05 450 | 8.50 | 9.05.) 9.05 | 9.05

Epoxy resin 2 8.65

Epoxy resin 3 8.25

Epoxy resin 4 8.35

Epoxy resin 5 4.50

Phenol resin 1 3.75|4.15 | 3.55|4.45| 380|215 3.75 | 3.75 | 3.75

Phenol resin 2 2.15

Fused spherical silica 86.0 |86.0 186.0 |86.0 |86.0 |B86.0 |86.0 |86.0 |86.0

Curing accelerator 1 0.2 (0.2 102 0.2 (0.2 [0.2

Curing accelerafor 2 0.2

Curing accelerator 3 0.2

Curing accelerator 4 0.2

Silane coupling agent 1 03 (0,3 103 |0.3 0.3 0.3 0.3 03 0.3

Silane coupling agent 2

2,3-Dihydroxynaphthalene } 0.2 |10.2 (0.2 (0.2 (0.2 ]0.2 (0.2 |0.2 0.2
|Carnauba wax 02 |02 (02 |02 02 |02 02 |02 (02

Carbon black 03 |03 03 |03 |03 (03 §0.3 [0.3 (0.3

Spiral flow {cm} 138 | 151 { 125 | 130 | 130 | 130 | 133 | 148 | 135

Moisture absorption tate| 9 18 | 0.19 | 0.17 | 0.19 |0.17 |0.17 |0.18 |0.18 |0.18

{(weight %)

Flame resistance |Fmax | & 6 4 5 5 4 5 5 5

UL94 vertical LF 40 49 30 44 45 35 41 42 41

(3.2 mm thick) Rank | V-0 | V-0 | V-0 [ V-0 | V-0 | V-0 | V-0 | V-0 | V-0

Soldering resistance (nf6) | 0/6 | 0O/6 | O0/6 | 0/6 | O/6 | O/6 | O/6 | O/6 | 0/6




[ 0090]

Phenol

[ Tabl e 3]

COVPARATI VE EXAMPLES 1 2 3 4 5 Epoxy resin 1

14.71 0.40 9.23 9.22 Epoxy resin 6 8.40 Epoxy resin 7 7.57
resin 1
43
(0089]
(Table 2]
EXAMPLES

10 11 12 13 14 15 16 17 18
Epoxy resin 1 9.05 1 9.05 | 9.05 | 8.19 | 9.05 1 9.25 | 8.70 |10.50 | 6.20
Phenol resin 1 3.7513.75 | 3.75 | 3.80 | 3.75 | 3.84 | 3.60 | 4.30 | 2.60
Fused spherical silica 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 84.0 | 90.0
Curing accelerator 1 0.2 | 02102 |02 |02 ]|02)|02]02]|02
Silane coupling agent 1 03 ] 03 1]03 ] 03 0.01 0.8 | 0.3 0.3
Silane coupling agent 2 0.3
2,3-Dihydroxynaphthalene 0.011] 0.2 0.2 0.2 0.2 0.2
1,2-Dihydroxynaphthalene | 0.2
Catechol 0.2
Pyrogallol 0.2
Carnauba wax 02 102 02 ;02 |02}027)]02]02]02
Carbon black 03 |03 {03 |03)03(031103]|03]03
Spiral flow (cm} 140 | 140 | 148 | 120 | 142 | 120 | 145 | 160 | 100
Moisture absorption rate| g 18 | 0.18 | 0.18 | 0.16 | 0.18 | 0.18 | 0.19 | 0.21 | 0.16
{weight %)
Flame resistance |Fmax | 5 5 5 6 5 5 5 6 4
UL94 vertical zF 40 40 40 49 40 40 40 45 25
(3.2 mm thick) Rank | V-0 | V-0 | V-0 | V-0 | V-0 | V-0 | V-0 | V-0 | V-0
Soldering resistance (n/6) | 0/6 t 0/6 | O/6 | 0/6 | O/6 | O/6 | O/6 | 0/6 | 0/6




417740 6.09 4.83 0. 18 Prenot—Testn 3

silica 86.0 78.0 86.0 86.0 86.0 Curing accel erator
0.2 Silane coupling agent 1 0.3 0.3 0.3 0.3

3. 57-3-40—Fuset—sphertecal-—-
10.20.20.20.2
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[0090]
[Table 3]
COMPARATIVE EXAMPLES

1 2 3 4 5
Epoxy resin 1 14.71 0.40 9.23 9.22
Epoxy resin 6 8.40
Epoxy resin 7 7.57
Phenal resin 1 4.40 6.09 4.83 0.18
Phenof resin 3 3.57 3.40
Fused sphericai silica 86.0 78.0 86.0 86.0 86.0
Curing accelerator 1 0.2 0.2 0.2 0.2 0.2
Silane coupling agent 1 0.3 0.3 0.3 0.3 0.3
2,3-Dihydroxynaphthalene 0.2 0.2 0.2 0.2 0.2
Carnauba. wax... 0.2 0.2 0.2 0.2 0.2
Carbon black 0.3 0.3 0.3 0.3 0.3
Spiral flow (cm) 114 220 100 110 127
Moisture absorption rate (weight %) 0.24 0.30 0.25 0.27 0.25
Flame resistance Fmax 30 10 30 30 30
UL94 vertical 5F 150 60 150 150 | 150
(3.2 mm thick) Rank Burnout V-1 Burnout | Burnout | Burnout

316 5/6 4/8 416 3/6

Soldering resistance (n/6)

(0091]

The epoxy resin (al)

used in EXAMPLES 1 to 18 is

5 represented by the formula (1).

inexpensive and can readily be processed.

This epoxy resin is

In these examples,

the type and proportion of the epoxy resin (al), the type and




03 213= Dihydroxymaptttratreme—6—2—0—2 62020+~ Car—matba—wax——
0.2 0.20.20.20.2 Carbon black 0.3 0.3 0.3 0.3 0.3 Spiral flow (cm
114 220 100 110 127 Moisture absorption rate (weight % 0.24 0.30
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10

16

20

25

proportion of the phenolic compound (B} having two or more
phenolic hydroxyl groups, the proportion of the inorganic
filler {(C}), the type of the curing accelerator (D), the type
and proportion of the silane coupling agent (E), and the type
and proportion cf the aromatic compound (F) having at least
two hydroxyl groups combined with each of adjacent carbon atoms
comprising the aromatic ring are varied. The moisture
absorption rate of each cured resin composition after
humidified at 85°C and 85% R.H. for 168 hours is 0.22 weight %
or less, resulting in high flowability {spiral flow), high
flame resistance, and high soldering resistance.
[0692]

In contrast, COMPARATIVE EXAMPLE 1 prepared as in EXAMPLE
1 except that o-cresol novolak epoxy resin is used in place
of the epoxy resin (al) represented by the formula (1) shows
a higher moisture absorption rate, resulting in low flame
resistance and low soldering resistance. COMPARATIVE EXAMPLE
2 containing the epoxy resin (al) represented by the formula
(1) and the inorganic filler in an amount less than 80 weight %,
COMPARATIVE EXAMPLE 3 containing the triphenolmethane-type
epoxy resin in addition to the epoxy resin (al), and COMPARATIVE
EXAMPLES 4 and 5 containing triphenolmethane-type phenol
resins as curing agent exhibit high moisture absorption rates
and thus poor soldering resistance after humidification.
COMPARATIVE EXAMPLES 3 to 5 exhibit poor flame resistance, and
COMPARATIVE EXAMPLES 3 and 4 exhibit low flowability.

These results show that EXAMPLES 1 to 18 exhibit high



0.25 0.27 0.25 Flane resrstance UL94 verti car—t3—2—mmrthi ck) Frax—-36
10 30 30 30 |IF 150 60 150 150 150 Rank Burnout V-1 Burnout Burnout
Bur nout Sol dering resistance (n/6) 3/6 5/6
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flame resistance and high soldering resistance after
humidification without use of a bromine-based flame retardant

and an antimony compound, regardless of low material cost.



4/6 4/6 3/6 [0091] The epoxy resin (al) used in EXAMPLES 1 to 18 is
5 represented by the formula (1). Thig;epoxy resin is inexpensive and
can readily be processed. In these exanples, the type and proportion
of the epoxy resin (al), the type and 95 proportion of the phenolic
conpound (B) having two or nore phenolic hydroxyl groups, the
proportion of the inorganic filler (C), the type of the curing
accelerator (D), the type and proportion of the silane coupling agent
(E), and the type 5 and proportion of the aromati c conpound (F)
having at | east two hydroxyl groups conbined with each of adjacent
car bon agggﬁgﬁgnprising the aromatic ring are varied. The noisture
absorpti of each cured resin conposition after humdified at
85C and 85% R H for 168 hours is 0.22 weight % 10 or |ess, resulting

i n high fl.qwabi,l i (.Spl gh_tl resi.stance, _an i.gh
sol derin jﬁesigtéﬁéén[%éégﬁé4#?%%n??gsF?m%g%ER§§$ﬁ E%@gﬁﬁﬁﬁéi%l n,
pr epar ed CRHHIA SEXAVPLE 1 except that o-cresol novol ak epoxy resin is
used in plag@)lanokpBe eRexY:;resin (al) represented by the fornula
(1) shows a higher noisSture absorption rate, resulting in |ow flane
resi stance aRd PowlSEIderG PR affeet 2 DOVPARATP VEL ERRFPLEPIEnolic
cont ai ni hgdrb&yepeepupesi n (al) represented by the fornmula (1) and

t he inorgan%é filler in_an aﬁoﬁ t less than 80 weight % 20
COVPARATI VE (EXARPLE"S R & i EtheaPQiphenolnethane-type epoxy
resin in addbti enchoinheaepeiygrnesicm (al ), and COVPARATI VE EXAMPLES 9
and 5 cont aj,ni t.riphe t - 1 sj ns i t
exhi bit hi ghﬂlrerglgé%lulrtgga g%r t?%%grrl apg)g (gn %%%gpéo%rep;%%%gelsﬁgi )
resi st anéerareertranPHi the didwml25 ICOVRARATh B EVRIED @ ittd. & has

exhibit poghiktame EBSbshanes, rapd COMPARATIVENERXAMRLES S antheh the
exhibit low flowability. These results show that EXAMPLES 1 to 18
exhi bit RPERCSaA6iPRake hesidifhed athd hghndoPadrRny- rfex sitdhdeuafster
hum dification wthout use of a brom ne-based f- retardant and an

anti nony conpound, regardless of |ow materi al ey e
WIRZ
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CHE—L ] [ CH,

~ M

(R, (ROYg

wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1l's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; R2 represents a
hydrocarbon group having 1 to 4 carbon atoms; Wl represents an
oxygen or sulfur atom; RO's each represent a hydrocarbon group
having 1 to 6 carbon atoms and may be the same or different;
a is an integer of 0 to 10; g is an integer of 0 to 3; and m
and n represent molar ratios and satisfy 0<m<1l, 0<n<l, m+n=1,
and the ratio m/n = 1/10 to 1/1.

[2] The resin composition as set forth in claim 1, wherein
the epoxy resin (al) is a glycidyl-etherification product of

a phenol resin with epichlorohydrin, the phenol resin being a



CLAIMS [1] A resin conposition for sem conductor encapsul ation,

conpri si ng: (A) an epoxy resin; 48 (B) a phenolic conpound
containing two or nore phenolic hydroxyl groups; (© an inorganic
filler; and (D) a curing accel erator; wherein the epoxy resin

(A) conprisepraenseoxienr pspau¢hlof a gheasdnt aul alylehlyelef, crmmlibacdniqurahd

the resi omééé}ﬁé@% Mool ption rate of 0.22 weight %
or |less t he conposi tlygn |s%1 cﬁb at 85C and 85% R H. for

168 hours: e AL gepregeNf® an aryI group hgwiyng 6 to 20
carbon atons; \Iglﬁ S )@ach represent a hydrocarbon grog\g)haw ng 1 to 6
car bon at e, and ma be the sane or_ different; R2 represents a

hydr ocar B 45N TR TarbEkoRPdaY ivd QE%@@S%ﬂFEO%r?W%en
or sulf urRlatsomacROrEpeaelanrteprhyeﬁbcarhydr@caﬁponagmgipl I“taylmg:a]rﬂdh 6
carbon a n he r different; a.is inte 0
to 10; gta%s%l?nan &Igm?g ?olie Otftﬁ%1 a?nan m §n§% TeU5Y ed trﬁBFgF’engi &5
and sat i @Wr@qmbomgnamp manilg lahd 4 e rkxn @tmwmsn ¥11lrdPréoentd an
[2] The r%%ly@eaowog iR 8% oRet AQr b i o6 Al WA @) 7 L R epoxy
resin (al) “i's a glyci dyl - etherification product of a phenol resin

wi th epi chl orohydrin, the phenol resin being a 48 co-condensation

product gf3ja ph’@l‘i@re@ihai i NG Aseenpouid (&) cILnhesentrd
ereln

t he for resents an
byl o odpenepbg 6ordrag iy B&nrspaﬁ%enﬁeds Shiie: doracn @)

hydr ocar bon group having 1 to 6 carbon atons and may be the sane or
different; R2 represents a hydrocarbon group having Iote éHEﬁH bon
atons; WL represents an oxygen or sulfur atom and a s Arh_ ¥ nt* eger of
0 to 10. [3]The reS| n conpositi orW&EZTt forth in cl&im1® wherein

t he epoxy resin ( isre by the férmula ( :: C 21D\(3H§ H
<N

- T

{R1) h (HO}g

wherein R1's each represent a hydrocarbon group having 1 to 6
carbon atoms and may be the same or different; R2 represents
a hydrocarbon group having 1 to 4 carbon atoms; Wl represents
an oxygen or sulfur atom; RO's each represent a hydrocarbon
group having 1 to 6 carbon atoms and may be the same or different;
b is an integer of 0 to 5; g is an integer of 0 to 3; and m and
n represent molar ratios and satisfy 0<m<l, 0<n<l, m+n=1, and
the ratio m/n = 1/10 to 1/1. ' -

[4] The resin composition as set forth in claim 3, wherein

the epoxy resin is represented by the formula (4):



wherein RI's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the sanme or differenyy R2 represents a hydrocarbon
group having 1 to 4 carbon atons; W represents an oxygen or sul fur
atom RO s each represent a hydrocarbon group having 1 to 6 carbon
atons and may be the sane or different; b is an integer of 0 to 5; ¢
is an integer of 0 to 3; and mand n represent nmol ar mmwen

satisfy 0<nxl, 0<n<1 mrn=1, and the ratio nmn = 1/10Q iﬁ/ [ 4] The
resin compositio s set forth in &%@Hm 3, wherein the epo resinis
represented by th for | a : ereijn R epresent a
hydr ocar bon gr oy g_t% ms_jangd, e same @b
different; ROs e ch répre rocgrbon |gr oup g|l to 6
carbon atons and y be th r differentl b is gn7infgger of O

to 5; g is an integer of 6Rild 3; and mand n represgayy nol ar ratios
and satrsfy 0<m<l, 0<n<1, m#n21. and the ratio nmn = £/10 to 1/ 1.

[ 5] The resin conposition as set forth in claim1, wherein the

phenol i ¢ conpound (B) is represented by the formula (5): OHOH (5)
H2H2 (R3) d(R3,.i dk_wherein R3'5 each represent a hydrocarbon group
havi ng 1"06 #10aRBoR S Bhs SPEETRRT o NYRE ACHROBY SEPPPaPERLNIdL | &
i nteger efr®ono aionandricheaay &ieag@cofsatd ®ri @litdTR Heanige RO 0 a:18.

6] Th t forth int i
hccel or atoPCRr e Sab Y PEsBR-BRE GERHBLAAY SaPelt D T et gt o
consi st i ngyobeatbenpanador eptesemmred; by itshenf anmelgar( 6, 0 at ¢ dnpauinics

d 7
R R R R =G
repr esent’3§te§fsgp Qﬁﬁéﬂusoéﬂér‘n TR = hSaTFQB tl’@t@aﬂloe&léﬁ Tebt et 1o -

aryl or alkyl group; A represents an anion of an aromatic organic
aci d havi east one functi, nal rou ed fromthe group,
consi sti ngqof al Ay dr B GrEest e’ro@a 50%% %"aﬁb l”an‘a?%“tlrn'ol 1”@rr(%.hﬁ“
in the atbeaphenping; céinbbeptiei;BhtSS arepr @@t ed dsgartie fadindi lkavisng

at | east one functi | group sel ted fromtB group consisting of a
hydr oxyl group, a c oxyl group, nd a thiol aoup in the aromatic
tjo

ring; x and y each r present n i teger o 1 3; z represents an
i nt eger of0t03 a xy, l\

ﬁg/w H (5)

(RS)d (R3), (R3)y

wherein R3's each represent a hydrocarbon group having 1 to 4
carbon atoms and may be the same or different; d is an integer
of 0 to 2; and the average of k is in the range of 0 to 8.

[6] The resin composition as set forth in claim 1, wherein
the curing accelerator (D) is at least one compound selected
from the group consisting of a compound represented by the
formula (6), a compound represented by the formula (7), a
compound represented by the formula (8), and a compound
represented by the formula {9):



(7) (Y1 )f wherein X1 represents an al kyl group having 1 to 3 carbon
atons; Y1 represents a hydroxyl groupﬁoand e and f represents an
integer of 0 to 3; ()H wherein P represents a phosphorus atom RS,
R9, and R10 represent al kyl groups each having 1 to 12 carbon atons
or aryl groups each ving 6 to 12 carbon atons and nay be the sane
or different; 1, r and 3 represent hydrogen atons or

hydr ocar bon gr oups eth havi ig I t _ﬁ§ car,oon atonms and may be the
same or differ e R nd A é mutually lin 51 to
forma cyclic Heet e B Rl g a1 P ¥ RL7 71 VAR
\x3 Y5 OM wherein represg¢nts a phosphorus atom Si represents a
silicon atom 4, RFsH R16,4and R17 represent organic groups each
having an aronmatic or heterocyclic ring or aliphatic groups and nay

be the s r. dif , repr n n. or gani cgr i nked wi th
both gr o?&%r% naﬁdg%%f%@r;%& égggﬁgogﬁsgar%%% %qgr%gp%’nﬁgg WtehaCh
bot h gr owePreseantdavbary2 and Mey baptourspieseptegepitet oen @ohon eisst y
from whi GhoiaQ 1RF QRS i & diRBtha ARG 3fe lldked il ti, 18 Gidi u om

to forma chelate structure; Y4 and Y5 each represent a protomrm dorior
noi ety fSEhAHYSEh RS gt FOUER €angsstigwd ofr @ INVHkEE Al e 2
silicon atemdkeylf @rdud,Chelate tShdiCigHRip X2 and X Jm ke Aihg ;sane
or different; Y2, Y3, Y4, and Y5 are .the s or, different; and Zl

r epr esentEPRGTANRD GESUR TEVTHG A ChrtTiat e YRty r Yol 68! i ¢
ring or dnnaltiiphatli grgueupelletcoe fresi nheompesid icamsastsielg fodr t2h i n
claim1l, r i si_ng: a_sijan aupl j agent_; and
(F) an aP&#ﬁ:tB% lc%?yfp%(;&%ﬁd ah%\?irr?gx%l Igé:as%%p’t v‘%%%d%gﬁﬁli I:ou}Sz'sq‘(lzlorﬁk)]iened
Wi t h eachremagdicateny’ cardoh AR cemmEssivig arhéngegrat P€ Fity.3; z

represents an integer of 0 to 3; and x=y;

(X1)g -
P \Cj (7)
3

(Y1)f

wherein X1 represents an alkyl group having 1 to 3 carbon atoms;

Y1 represents a hydroxyl group; and e and f represents an integer

of 0 to 3;
T4
. _R11 |
RS T O (8)
R10 R13 R12
OH

wherein P represents a phosphorus atom; R8, RY9, and R10
represent alkyl groups each having 1 to 12 carbon atoms or aryl
groups each having 6 to 12 carbon atoms and may be the same or
different; R11, R12, and R13 represent hydrogen atoms or
hydrocarbon groups each having 1 to 12 carbon atoms and may be
the same or different where R11 and R12 may be mutually linked



[ 8] The resin conposition as set forth in claim7, wherein the
aromati c conpound (F) has two hydroxyls,groups conbl ned with each of
adj acent carbon atoms conprising the aromatl c ring. [9]The resin
conposition as set forth in claim7, wherein the aromati c conpound
(F) has &ajhithad méckimgsfaﬁiuiwré;eai‘sndtm hydr oxyl groups combi ned
wi th each of adjacent carbon atonms conprising the naphthal ene ring.
52 [10] The r¢sin conpositionTas t forth Zj claim7, rein the
aromati c conpolind (F) Ri’s a napht hgl ene ring5and two hydfoxyl groups
conbined with e¢ach of &djacent ar on atonms donprising the o
napht hal ene rin [11) Th onpogition.as t forgh in cl

7, wherein the q%%ﬂ 3?{5 n cent <Th 'corry d(F) in an
anount of 0.01]wei ght oor norg toll i ght A) or lesssto|the total
wei ght of the fesin c sition. J}.@ZIThe cfapé@ ion as set
forth in claim7, wherei’n the rlesi corrpo‘éBtlonYc':bntal ns|the sil ane
coupling agent =(E) in an anount’ of 0. 01 weight % or nore’to 1 weight

% or | esgHeRdiheptUie W8{GhE ;%oéﬁ?ofﬁ'arﬁo%(m@?%'etﬂl%nsen&slgs1Tthecon

resin conposition as set forth laim 7, wherein the resin
conposi t FGPTEoRtdi ns e Kirfor @é}ﬂ c31f7| ISR SEEN T P LR e FHIO WS GReh
wei ght  Y%heivime &n tar < thied gbth@ﬁﬁoéﬁsﬁlé eihleot ehialpheri:ahyrefipt htha

resin co ti conduc devi ce conprisin

aseni cong{?? éleelocg’ﬁeﬁ% c%ﬁsﬁ?‘g%%ﬁﬁg}g %%r%%ﬁ%%?% FT e rPrc%arﬂJ]d"slgﬁodJrP

as set fddnkeidwitlabmth groups Y2 and Y3; X3 represents an organic group
linked with both groups Y4 and Y5; Y2 and Y3 each represent a

proton donor moilety from which two protons are lost, and are
linked with the silicon atom to form a chelate structure; Y4
and Y5 each represent a proton donor moiety from which two

protons are lost, and are linked with the silicon atom to form
a chelate structure; X2 and X3 may be the same or different;
Y2, Y3, Y4, and Y5 are the same or different; and Z1 represents
an organic group having an aromatic ring or heterocyclic ring

or an aliphatic group.

[7] The resin composition as set forth in claim 1, further
comprising:

(E) a silane coupling agent; and

(F) an aromatic compound having at least two hydroxyl
groups combined with each of adjacent carbon atoms comprising

the aromatic ring.

[8] The resin composition as set forth in claim 7, wherein
the aromatic compound (F) has two hydroxyl groups combined with

each of adjacent carbon atoms comprising the aromatic ring.

[9] The resin composition as set forth in claim 7, wherein
the aromatic compound (F) has a naphthalene ring and at least
two hydroxyl groups combined with each of adjacent carbon atoms

comprising the naphthalene ring.
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[10] The resin composition as set forth in claim 7, wherein
the aromatic compound (F) has a naphthalene ring and two
hydroxyl groups combined with each of adjacent carbon atoms

comprising the naphthalene ring.

f11] The resin composition as set forth in claim 7, wherein
the resin composition contains the compound (F) in an amount
0f 0.01 weight % or moxre to 1 weight & or less to the total weight

of the resin composition.

[12] The resin composition as set forth in claim 7, wherein
the resin composition contains the silane coupling agent (E)

in an amount of 0.01 weight % or more to 1 weight % or less to

the total weight of the resin composition.

[13] The resin composition as set forth in claim 7, wherein
the resin composition contains the inorganic filler (C) in an
amount of 80 weight % or more to 92 weight % or less to the total

weight of the resin composition.

[114] A semiconductor device comprising:
a semiconductor element encapsulated by the cured resin of resin

composition as set forth in claim 1.



